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REQOIREMENTS FOR SPACE FUMIGATIOM 

Following Agriculture Canada's re-evaluation of the registered 
fumigants, and the publication of air quality guidelines 
established by the Ontario Ministry of the Environment, the 
following information must be submitted with applications for a 
permit to conduct space fumigations with methyl bromide and 
phosphine in Ontario. 

1. A diagram to scale showing property lines, and the position 
and use of buildings adjacent to the building(s) to be 
fumigated. 

2. The names and licence numbers of all personnel carrying out 
the fumigation (N.B. Section 28(1) of tne Regulation under the 
Pesticides Act requires that a Structural Glass 2 or Class 1 
Licenced Exterminator must assist the Structural 1 
Exterminator who signed the permit application). 

S» The name and telephone number of a contact per eon reBponsibLe 
for the building(s) to be fumigated. 

4. The local Medical Officer of Health and the local police and 
fire departments must be notified of the time and place of 
fumigation. These agencies must also be notified when the 
fumigation has been completed* 

5. Fumigant levels and temperature must be monitored within the 
building during fumigation. The method of monitoring is Left 
to the discretion of the exterminator. This will vary with 
building design, duration of fumigation, etc. Monitoring data 
must be submitted with the confirmation letter within 7 days 
after completing the fumigation. 

6. Aeration cannot be carried out under inversion conditions. 
Inversions are most likely to occur during summer and winter 
from 1:00 a.m. to 8:00 a.m. During the winter, inversions are 
also likely to occur during early afternoon. Information on 
weather conditions can be obtained on a 24~hour basis for 
eastern Ontario by calling the Toronto Weather Office at (416) 
676-3020 and for northwestern Ontario, by calling the Winnipeg 
Weather Office at (204) 949-2071. 

7. During aeration, the exterminator must ensure that no 
personnel or by-standers are located downwind in the fumigant 
plume . 

8. Aeration may be staged depending upon requirements from the 
Ontario Ministry of the Environment. Aeration procedure will 
vary with building design, location and proximity to 
residential areas. 
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FACTORS AFFECTING FUMIGANTS* 



Choice of fumigarit 

There are many chemical compounds which are volatile at ordinary 
temperatures and sufficiently toxic to fall within the defintion of 
fumigants. In actual practice, however, most gases have been eliminated 
owing to unfavourable properties, the most important being chemical 
instability and destructive effects on materials. Damage to materials 
may take place in several ways, as follows: 

1. Excessively corrosive compounds attack shipping containers or spoil 
the structure and fittings of fumigation chambers or other spaces 
undergoing treatment. 

2. Reactive chemicals form irreversible compounds, which remain ae 
undesirable residues in products. In foodstuffs such reactions may 
lead to taint or the formation of poisonous residues. Other 
materials may be rendered unfit by visible staining, or by the 
production of unpleasant odours. 

I. Physiologically active compounds may destroy or severely injure 
growing plants, fruit or vegetables, and may adversely affect seed 
germination. 

Highly flammable compounds are not necessarily excluded if dangers of 
fire and explosion can be controlled by the addition of other suitable 
compounds, or if fumigation procedures are carefully designed to elimi- 
nate these hazards. Toxicity to human beings is not necessarily a cause 
for exclusion. All known fumigants are toxic to humans to a greater or 
lesser degree and ways can be devised for their safe handlingunder the 
required conditions of application. However, some commonly used 
compounds have been shown to be capable of producing long-term effects 
that were previously unknown. The use of such fumigants is becoming more 
restricted and some materials have already been eliminated from the list 
of fumigants approved for use in certain countries. 



This section is printed with permission from the Food 
and Agriculture Organization of the United Nations from 
PAO Plant Production and Protection Paper 54: Manual 
of Fumigation for Insect Control by E.J. Bond, 1984, 
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Elvaporation of Fumlgants 



BOILING POINT 

The boiling point of different chemical compounds generally rises with 
the increase of molecular weights. This generalization is borne out by 
the data for the fumigants shown in Figure I, where molecular weights are 
plotted against boiling points. The relationship stated above holds very 
well, except for methyl bromide, and it demonstrates that important 
compounds, such as carbon tetrachloride or ethylene dibromide, will 
evaporate very slowly under practical fumigation conditions. If the 
highest possible concentrations are required at the beginning of the 
fumigation with such compounds, more rapid volati Ization will have to be 
effected in some way. 

Figure 1 shows that, from the physical standpoint, fumigants may be 
divided into two main groups according to whether they boil above or 
below room or moderate outdoor temperatures (20°C to 25°C). The low 
boiling point fumigants, such as methyl bromide, may be referred to as 
gaseous -type fumigants. These are kept in cylinders or cans designed to 
withstand the pressure exerted by the gas at the highest indoor or 
outdoor temperatures likely to be encountered. 

The second main group of fumigants contains those with high boiling 
pointsj these are usually described as liquid-type or solid-type 
according to the form in which they are shipped and handled. In some 
kinds of work, such as grain and soil fumigation, the slow evaporation of 
certain liquids is an advantage because the initial flow leads to a 
better distribution of the gas subsequently volatilzed. In other 
applications, where personnel have to distribute the fumigants, slow 
evaporation of the liquids or solids makes them safer to handle. 

Included in the general term solid-type fumigants are certain materials 
which are not fumigants themselves, but which react to form fumigants 
after application. Examples are calcium cyanide powder, which reacts 
with atmospheric moisture to yield hydrogen cyanide (HCN), and formu- 
lations of aluminium and magnesium phosphides which also react with 
moisture to produce 'phosphine (hydrogen phosphide). 

There are also some fumigants in the form of crystals and flakes that 
sublime to give off fumigant vapours. Examples are paradichlorobenzene 
and naphthalene. 



MAXIMUM CONCENTRATIONS 



The maximum weight of a chemical that can exist as a gas in a given space 
is dependent on the molecular weight of that chemical. This fact, 
implicit ir. the well-known hypotliesis of Avogadro, has an imporLant 
practical application. It is useless attempting to volatiliz'^ in on 
empty chamber more fumigant than can exist in the vapour form. Table 2 
shows the maximum amounts of a number of fumigants that can be vaporized 
in a given space. It will be noted that the fumigants with low boiling 
points, such as me t h y 1 bromide or ethylene oxide, m a > be r c 1 r a a c ri in 
larqe amounts compared with high boiling point compound;;, nut^h av, napti- 
thMlenu arid [lu rud i ulii u lubi-n/utu: . Mil- Ual" i :> *"' 1' '■'■ , ^■^••^''>' ii:.''fiil !<ii 
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FIGURE 1. - Relationship between molecular weight and boiling point of 
some fumigants. 



TABLE 2. - MAXIMUM WEIGHTS OF VARIOUS FUMIGANTS WHICH CAN EXIST IN VAPOUR FORM IN AN EMPTY FUMIGATION 

SPACE AT DIFFERENT TEMPERATURES^ 



Fumlgant 








Maximum 


weight, in g 


rammes/cublc 


2 
metre at 


indicated temperatures 








0°C 
(32°F) 




5°C 
(41°F) 




10°C 
(50°F) 


15°C 
(59°F) 


20°C 
(68°F) 


25*^C 
(770f) 


30°C 
(86«*F) 


35°C 
(95«'F) 


Ac rj'Ionlt rile 




102.6 




129.8 




164.4 




206.3 




252.9 




319.1 




397.8 




482.4 


Carbon dlsulphlde .. 




568.1 




701.1 




843.7 


1 


010.9 


1 


297.2 


1 


430.8 


1 


740.9 


2 


096.3 


Carbon tetrachloride 




288.5 




363.0 




460.9 




572.6 




730.9 




916.8 


I 


145.4 


1 


398.5 


Cbiloropicrin 




57.8 




79.5 




108.7 




139.5 




179.5 


- 


220.6 




277.8 




358.7 


Dichlorvos (DDVP) .. 




0.02 




0.03 




0.05 




0.08 




0.13 




0.21 




0.32 




0.48 


Ethylene dlbromlde . 




3C.5 




54.1 




63 . 7 




83.5 




112.8 




141.2 




173.6 




214,7 


Rthylone dichloride 




133.4 




173.7 




223.7 




282.0 




350.1 




430.3 




537.1 




668.2 


Ethylene oxide ....*. 


. 1 


331.5 


1 


606.6 


1 


854.5 


1 


862.4 


1 


830.4 


1 


800.0 


1 


771.2 


1 


740.8 


Hydrogen cyanide ».» 




418*7 




532.0 




643.4 




751.3 




900.4 


1 


072.2 


1 


084.7 


1 


067.7 


Methyl bromide ...... 


. 3 


839.3 


4 


152.8 


4 


079,4 


4 


008.6 


3 


940.2 


3 


874.1 


3 


810.1 


3 


748.3 


Naphthalene 




0.15 




0.22 




0.33 




0.43 




0.56 




0.69 




0.95 




1.40 


Paradichlorobenzene . 




0.69 




1.61 




2.49 




3.18 




5.14 




7.89 




11.64 




17.56 


Phosphine 


. 1 


514.4 


1 


487.2 


1 


460.9 


1 


435.5 


1 


411.0 


1 


387.4 


1 


364.5 


1 


342.3 


Si'.lphuryl fluoride .. 


. 4 


546.0 


4 


464.2 


4 


385.3 


4 


309.2 


4 


235.7 


4 


164.6 


4 


095.9 


4 


029.4 


Ca rbon dioxide . . . . . . 


. 1 


959.8 


1 


924.6 


I 


890.6 


1 


857.8 


1 


826.1 


1 


795.4 


1 


765.8 


1 


737.1 



1 2 

\alues calculated from fonnujas derived by Roark and Nelson (1929). - Equivalent to milligrammes per litre, or 

ounces (avoirdupois) per 1 000 cubic feet. 
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comparative purposes, apply only to empty spaces. Sorption of the 
rumigont by the moterial treated in a given space will permit greater 
amounts to be volatilized. Nevertheless, the figures given will still 
apply to the amount which can exist as vapour in the free air space 
surrounding the fumigated material, 

LATENT HEAT OF VAPORIZATION 

Unless it is sustained by warming from an outside source, the temperature 
of an evaporating liquid constantly drops owing to the fall in energy 
caused by the escape of molecules with greater than average energy. 
Thus, evaporation takes place at the expense of the total heat energy of 
the liquid. The number of calories lost in the formation of one gramme 
of vapour is called the latent heat of vaporization of the liquid. Some 
fumigants have higher latent heats than others. 

Both HCN and ethylene oxide, with latent heats of 210 and 139 
respectively, absorb considerably more heat in passing from liquid 
to vapour than do methyl bromide and ethylene dibroroide, with latent 
heats of 61 and 46 respectively. 
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Fumigants that are liquids at normal temperatures and are volatilized 
from evaporating pans or vaporizing nozzles ma^ require a source of heat, 
such as a hot plate, in order that full concentrations may be achieved 
rapidly . 

Diffueion and PenetFation 

As stated above, fumigants are used because they can form insecticidal 
concentrations: (a) within open structures or (b) inside commodities and 
in cracks and crevices into which other insecticides penetrate with 
diffculty or not at all. Hence, it is necessary to study the factors 
that influence the diffusion of gases in every part of a fumigation 
system. This study includes the behaviour of fumigants both in empty 
spaces and also in structures loaded with materials into which the gas is 
required to penetrate. 



LAW OF DIFFUSION 



Gratiam's law of diffusion of gases states that the velocity of diffusion 
of a gas is inversely proportional to the square root of its density. 
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Also, the densities of gases are proportional to their molecular weights. 
Therefore, a heavier gas, such as ethylene dibromide, will diffuse more 
slowly throughout an open space than a lighter one sych as ethylene 

ace 

p.. . . - -lyinternai surface 

of the structure or within any contained materials is greatly modified by 



oxide. While this basic law is of importance, especially for empty sp; 
fumigations, the movement of gases in contact with any internal surf) 
of the structure or within any eontaine 
the factor of sorption discussed below. 



The rate of diffusion is also directly related to temperature, so that a 
given gas will diffuse more quickly in hot air than in cold air. 



SPECIFIC GRAVITY AND DISTRIBUTIDN 



Many of the commonly used fumigants are heavier than air. A notable 
exception is hydrogen cyanide. If a gas heavier than air is introduced 
into a chamber filled with air and it is not agitated by fans or other 
means, it will sink to the bottom and form a layer below the air. The 
rate of r,.ixing between the two layers may be very slow. For example, in 
a fumigation of the empty hold of a ship with the heavy gas methyl 
bromide where the fumigator had neglected to place a circulating fan, a 
sharp demarcation was observed between the lower half with the gas, where 
all of the insects were killed, and the upper part, where complete 
survival occurred (Monro e t a 1 . 1952), 
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MECHANICAL AIDS TO DIFFUSION 

It has already been suggested that distribution and penetration can be 
aided and hastened by the use of blowers and fans. Such propellers may 
work free in the structure or through a system of circulating ducts. 
These devices may also add greatly to the efficiency of the fumigation 
process by hastening the volatilization of high boiling point liquids 
from evaporating pans and by preventing stratification of heavy gases. 
Also, a factor known as the Turtle effect* has proved useful in the 
fumigation of certain materials susceptible to injury. It was shown that 
rapid stirring by a centrifugal fan in a fumigation chamber at atmos- 
pheric pressure greatly hastened the attainment of uniform concentrations 



This effect was first demonstrated 
1 1 -"' i ^' ':^ ' n i t V of IL n n do n 1 94 1 . 



by E.E, Turtle ( Ph .D . then i a ) , 
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oT methyl bromide in all parts of a load of early potatoes, so that the 
consignment was not overdosed at the outside of the packages or under- 
dosed at the centre (Lubatti and Bunday , 1958). In a four-hour exposure 
period, rapid stirring for one hour at the beginning of the treatment 
was, to all intents and purposes, as effective as continuous stirring for 
the whole time. 



SORPTION 

k very important factor affecting the action of fumigants is the 
phenomenon known as sorption. It is not possible in this manual to give 

a complete explanation of sorption, because the interaction of all forces 

involved is complex. Fortunately, for the purpose of understanding 

fumigation practice, it is possible to give a general account of the 
important factors concerned. 
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The general term sorption covers the phenomena of adsorption and 
absorption. These two are reversible because the forces involved, often 
referred to as van der Waal's forces, are weak. On the other hand, a 
stronger bonding called chemisorption usually results in chemical 
reaction between the gas and the material and is irreversible under 
ordinary circumstances (Berck, 1964). 



Physical Sorption 
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FIGURE 2 . - Relationship between load (boxes o F oranges) o r i d 
concentration of fumigant in gas phase in a 3-cub i c-me t re cliamber al 
atmospheric pressure and 21°C (Sinclair and I. indgrenj 1950). 



discussed in this manual under the heading of physical sorption* 
However, It is necessary to make some distinction between them at the 
outset because the forces involved may be less with adsorption than with 
abeorption. 



Stated briefly, adsorption is said to occur when molecules of a gas 
remain attached to the surface of a material. Because some .adsorbents, 
such as charcoal or bone meal, are highly porous bodies with large 
internal surfaces, adsorption may also occur inside a given body. 

Absorption occurs when the gas enters the solid or liquid phase and is 
held by capillary forces that govern the properties of solutions. For 
instance, a gas may be absorbed in the aqueous phase of grain or in the 
lipid phase of nuts, cheese or other fatty foods (Berck, 1964). 
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ered generally, is an extremely important factor 
1 outcome of fumigations. Apart from specific 
in gases and commodities, it may be stated as a 

fumigants with higher boiling points tend to be 
he more volatile compounds. This is illustrated 
re 2; with this particular load there is greater 
ibromide (boiling point 131°C) and of hydrogen 

26 C) than of methyl bromide (boiling point 
ble difference in the sorption of hydrogen 
da is due to factors other than boiling point or 



Physical sorption varies inversely as the 
greater at lower temperatures. This fact 
applications. It is one of the reasons 
progressively increased as the temperature 
(Figyre 3 ) , 



temperature, and is thus 

has important practical 

why dosages have to be 

of fumigation is lowered 



Sorption may also be influenced by the moisture content of the commodity 
being fumigated. This was demonstrated by Lindgren and Vincent (1962) in 
the fumigation of a number of foodstuffs with methyl bromide; at higher 
moisture contents more fumigant was sorbed. This effect may be important 
with fumigants which are soluble in water to any significant degree. 

The specific physical reaction between a given gas and a given commodity 
cannot be accurately predicted from known laws and generalizations. 
Usually, a certain fumigant must be tested with each material concerned 
before a recommendation for treatment can be drawn up. 



Peso r p t i Qfi 



When a treatment is completed and the system is ventilated to remove the 
fumigant from the space and the material, the fumigant slowly diffuses 
from the material. This process is called desorption and is the reverse 
of physical sorption. With the common fumigants and the commodities 
usually treated, residual vapours are completely dissipated within 
reasonable periods, although the length of time varies considerably 
according to the gas used and the material treated. Because of the 
inverse effect of temperature, dissipation of the fumigant usually takes 
place more slowly when the material is cold and may be hastened by 
warming the space and its contents* 
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FIGURC 3. - effect of tenperature on sorption of fumigant by identical 
loads (weights) of peaches. The same dosage of 48 g per m of methyl 
hromide was applied in each trpatment. (Dumafi and Monrn, 19(,^>) 
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by taking the goods out of doors where aS^ana^rnrta::;; f 
ermal air currents and the warming effect of sunlight. 

the residual fumigant, usually small in quantity, may not be 
because of chemical reaction with the material. 



CHEMICAL REACTION 

If Chemical reaction takes place between the gas and the material nPw 
compounds are formed. This reaction is usually charac er zed bv 
specificity and irreversibility. If the reaction i s ! rreve r" i bl e 
permanent residues are formed. Examnles nrp fho irreversible, 
hvdroQen cvanidP fHrw^ o^h til ^ "examples are the reaction between 
nyorogen cyanide CHCNJ and the reducing sugars in dried fruits with thP 
formation of cyanohydrins (Page and Blackith, 1956) or the appearance of 
inorganic bromide compounds after treatment of some fooSstuffs wi?h 
methyl bromide (McLaine and Monro, 1937). 'ooosturTs with 
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RESIDUE TOLERANCES 
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Such recommendations are not binding on Herober Nations of these 
organizationa but are intended to be used as guides when particular 
oountriea are formulating their own regulations for pesticide residue 
lolerances* 

Fumiganta may form residues when used on foodstuffs for insect control. 

CANAOA 

The Food and Drugs Act ; 

In this Act, "food" includes any article manufactured, sold or represented for use as food or 
drink for man, chewing gum, and any ingredient that may be mixed with food for any 
purpose whatever. 

Part I. Food. Section *, 

4- No person shall sell an article of food thit 

(a) has in or upon it any poisonous or harmful substancef 

(b) is unfit for human consumption; 

(c) consists in whole or in part of any f Uthy, putrid, disgusting, rotten decomposed or 
diseased animal or vegetable substance; 

(d) IS adulterated; or 

(e) was manufactured, prepared, preserved, packaged or stored under unsanitary 
conditions. 

Part II. Regulations. Section 23(l)(a) 

25. (1) The Governor In Couicil may make regulations for carrying the purposes and 

provisions of this Act into effect, and, in particular, but not so as to restrict the 
generality of the foregoing, may make regulations 

(a) declaring that any food or drug or class of food or drugs is adulterated if any 
prescribed substance or class of substances is present therein or has been added 
thereto or extracted or omitted therefrom; 

The Foiod and Dryq Requlationt i 

Parts, Foods, Division 1 

8.01.001. In this Part "agricultural ehemlca!" means any substance that 

(a) IS used or represented for use in or upon a food during produetiors, storage or 
transport, or 

tb) has been registered under the Pest Control Products Act 

and the use of which results or may reasonable be expected to result in a residue of 
such substance or a deri 'native thereof in or upon foods, and includes any pesticide, 
plant .jo^th regulator, fertilizer, adjuvant, carrier or ingredient used with such a' 
substance, but doe$ not include any 

(c) food additive, other than those listed in the tables to Division 15, 

(d) nutritive fnaterial that is used, recognized or commonly sold as an article or 
ingredient of food, 

!ei vitamin, moeral nutnent or amino acid, 

(f) spice, seasoning, flavouring preparation, essential oil, oleoresin or natural 
extractive, 

(q) food packaging material or component thereof, or 

(h) drug recommended for administration to animals that may be consumed as food; 

8.01.046. (1) A food is acfcjiterated if any of the following substances or classes of 
substances are present therein or have been added Uiereto: 

('^) ethylene thiourea 

(p) chlorinp'-ed dibeniD-g^dioxIns 



XIV 
aivliiion 15 Adultarttton of Food 

B.n.002. (1) 5ii)ject to stibaectiona (2) and (3), a food is adulterated if an 

agricultural chemicaJ or any of its derivatives ia present therein or has been added 
thereto, singly or in any combination, in an amount exceeding 0.1 part per million, 
unless it is listed and used in accordance with the tables to Division 16. 

(2) Subject to subsection (3), a food is exempt from paragraph 4(d) of the 
Act if the only agricultural chemicals that are present therein or have been added 
thereto are any of the following: 

(a) a fertilizen 

Cb) an adjuvant or a carrlar of an agricultural chemical; 

(c) an Inorganic bromide saltj 

(d) silicon dioxide; 

(e) sulphur, or 

Cf) viable spores of Bacillm thurinqjensls Berliner. 

(3) A food named in column IV of an item of Table 11 to this Division is 
exempt from paragraph 4(d) of the Act if the agricultural chemicals named in columns 
I and II of that item are present therein or have been added thereto in an amount not 
exceeding the limit, expressed in psrta per million, set out in column III of that item 
for that food. 

A comprehensive review of fumigant residues has been given by Lindgrep e_t 
al (I960). 

Other Effects on Naterials 

Apart f r om the question oF significant residues in foodstuffs, there is 
the problem of other effects which have a direct bearing either on the 
choice of the particular fumigant or on the decision as to whether 
f urn i get ion is possible at all. The main types of reaction may b& 
Lunmerised as follows: 

PHYSIOL OG 1 C A 1 E F F E C T S 

1 » NL'- sery Stock and Li yinq Plants 

(;ij Stimulation of growth 

(b) Retardation of growth 

(c) Temporary injury and subsequent recovery 

(d) Permanent injury, usually followed by death 

2* Seeds 

(e) Stimulation of germination 

(b) Impairment or total loss of germination 

(c) Poor growth of seedlings from germinated seeds 

5' • Fruit and Vegetables 

(a) Visible lesions 

( b ) Internal i n jury 

(c) Shortening of storage life 

(d) Delay of ripening 

(e) Stimulation of storage disorders 

4 - Infestinq Qrqanisms 

(a) Death 

(b) Stimulation of growth c»r metamorphosis 

(c) Delay in development 

(d) Stimulation of symptoms of disease (so-called "diagnostic: 
effect") 
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FMYSICAL AND CHEMICAL EFFECTS ON NONLIVING MATERIALS 



1* 

fr. * 



Production of foul or unpleasant odours in furnishings or 
materials stored in premises. 

Chemical effects that spoil certain products (for example, 
some fumigants render photographic films and papers unusable). 

Reaction with lubricants followed by stoppage of machintiry 
(clocks will often stop after fumigation with HCN). 

Corrosive effects on metals (phosphine reacts with copper, 
particularly in humid conditions). 



Dosages and Concept rait ions 

There should be a clear understanding of the difference between dosage 
and concentration. 

The dosage is the amount of fumigant applied and is usually expressed as 
weight of the chemical per volume of space treated. In grain treatments, 
liquid-type fumigants are often used and the dosage may be expressed as 
volume of liquid (litres or gallons) to a given volume (amount of grain 
given as litres or bushels) or sometimes to a given weight (quintals, 
metric tonnes or tons). 

From the moment that a given dosage enters the structure being fumigated, 
molecules of gas are progressively lost from the free space either by the 
process of sorption and solution described above or by actual leakage 
from the system, if this occurs. The concentration is the actual amount 
of fumigant present in the air space in any selected part of the fumi- 
gation system at any given time. The concentration is usually determined 
by taking samples from required points and analysing them. It may thus 
be said that the dosage is always known because it is a pre-dete rmined 
quantity. Concentration has to be determined becajse it varies in time 
and position according to the many modifying factors encountered in 
fumigation work. 

Three methods of expressing gas concentrations in air are in common use: 
weight per volume, parts by volume and percent by volume. 

WEIGHT PER VOLUME 



For practical designation of dosages, this is the most convenient method 
because both factors - the weight of the fumigant and the volume of thp 
space - can be easily determined. In countries using the metric system, 
this is usually expressed in grammes per cubic metre (g/m-^), whereas in 
countries using the British system of weights and measures, expression is 
usually in terms of pounds or ounces avoirdupois (avdp) per 1 000 cubic 
feet (lb/1 000 ft^ or oz/l OOOft-^). 

By a fortunate coincidence in units of measurement, grammes per cubic 
metre are, for all practical purposes, equal to ounces per thousand cubic 
feet. Thus, recommended dosages can readily be converted from one system 
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to the other*. 



In reports of laboratory experiments, dosages and concentration® are 
usually given in milligrammes per litre (mg/1), equivalent to grammes per 
cubic metre. 



PARTS OR PERCENT BY VOLUME 

Parts by volume and percent by volume will be discussed together because 
both modee of expression give the relative numbers of molecules of gas 
present in a given volume of air. The values for both modes have the 
seme digits, but the decimal points are in different places (3 475 parts 
per million by volume of a gas is the same as 0.3475 percent by volume). 

Parts per million of gases in air are used in human and mammalian 
toxicology and in applied industrial hygiene. Percent by volume is used 

in expressing the flammability and explosive limits of gases in air. 



CALCULATIONS FOR CONVERSION OF CONCENTRATION VALUES 




* One ounce (avoirdupois) =28 . 35 grammes. One cubic foot=28.316 litres 



Hence 1 ounce per 1 000 cubic feets 

2 8.35 



28.316 



X 1 000 grammes per 1 000 litres 



2 8,35 1 000 grammes 



per cubic metre 



2 8,316 1 00 

1.002 grammes per cubic metre 
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To convert grammes per cubic metre (qt milligrammes per litre or 
ounces per 1 000 cubic feet) into parts by volume. 

i , Divide the given value by the molecular weight of the 
gas and multiply by 22.4; the resulting figure is the 
number of cubic centimetres (cm ) of gas per litre of aii'. 

1, One thousand times the figure Qbtained is the value in 
parts per million by volume. 

$m One tenth of the figure obtained in (1) is the percen- 

tage by volume. 



EjcaiBPle 



1 X 22.4 
34 



To convert Ig/m^ of PHj (molecylar weight 34 
approximately ) 

= .659 cm-^ per litre 

2 659 parts per million by volume approximately 

s .0659% by volume approximately 



To convert parts per million (or percentage of volume) of gases to 
grammes per cubic metre (or milligrammes per litre or ounces per 
1 000 cubic feet): 

1p Divide the parts per million by 1 000, or multiply the 
percentage by ten to give the number of cubic centimetres of 
gas per litre of air. 

2. Multiply this figure by the molecular weight of the gas in 
question and divide by 22.4. 

Example . To convert 400 ppm of methyl bromide 

(molecular weight 94.95 - 95 approximately) 

400 ppm - 0,04SS of volume - 0.4cm-^ per litre 
s 0.4 X 95 



22.4 



s 1 .7 g/m' 

Cor mg/1 or oz per 1 000 ft ) 



CONCENTRATION X TIMET '(c x t) PRODUCTS 



Most fumigation treatments are recommended on the basis of a dosage given 
as the weight of chemical required for a certain space - expressed as 
grammes per cubic metre or pounds per 1000 cubic feet or as volume of 
liquid applied to a certain weight of material - expressed as litres [jor 
quintal or gallons per 1000 bushels. Usually, this designation oV 
dosage is followed by a statement of the length of the treatment in tiours 
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TABLE 3. - REQUIRED CONCENTRATION X TIME (c x t) PRODUCTS TO OBTAIN 97 
PERCENT HORTALITY OF TENEBROIDES HAURITANICUS 



Concentration methyl 
b romi de 



mg/1 

83 

53.3 

41.5 

33.2 

23.7 

16.6 



Exposure 



c x t product 



hours 

2 

3 

4 

5 

7 
10 



mg h/1 
166 
166 
166 
166 
166 
166 



It must be emphasized again that before they are applied in practical use 
each product must be calculated for the different stages of an insect 
species at a certain temperature and humidity. Under practical 
conditions, variations in temperature are particularly importfint. In 
practice, several insect apecies or stages of given innrrt mny hi- 
treated and therefore the c x t product required i :» that wfiirh is 
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riGURE 4. " Insect mortality and concentration % time products. A curve showing the relationship 
between concentration of methyl bromide and time of exposure against fourth instar larvae of Te ebroides 
mauri tanicus for 99 percent mortal i ty at 2Q°C . (Bond and Monro , 1961 ) 
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The use of integrated c x t products is particularly useful in routine 
fumigations when the reaction of a particular species or groups of 
species has been carefully worked out under the range of conditions 
likely to be encountered. It has been used successfully in large-scale 
eradication campaigns (Armitage, 1955; Monro, 1958c). 

Figure 5 and Table 4 show how an integrated c x t product of methyl 
bromide may be applied in dealing with a specific problem. In this 
instance a hypothetical situation is illustrated in simplified form to 
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from the 100 m-^ structure and sorption by the commodity are two 
that in this instance influence the concentration of fumigant in 



tne concentration j.n tne Tree space 
mmes per litre (mg/1) during the entire exposure. inis nominal 
introduced and concentration readings are made at regular inter- 
ing a thermal conductivity analyser (see Chapter 4). Samples are 
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e free space concentration will fall below the 
eo jlu mg/1 and 0.5 kg of fumigant are added to the system* 
fter a further 2,5 hours (total elapsed time 5 hours) another 0.5 
added to sustain the concentration. After 11.7 hours the desired 
oduct of 190 g h/m has been attained and the treatment is termi- 
y initiating aeration. The integrated c x t product obtained 
the commodity, calculated from the concentration plot, is arrived 
own in Table 4. 



Recommendations based on the c x t product principle provide o sound 
means of ensuring that the treatment is adequfite to control ttie inducts. 



CONCENTRATION 



FUMIGATION 







FTGURE 5. - Chart of progress of a fumigation with methyl bromide designed to achieve a cumulative c x t 
product of 190 g h/m*^ . 
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TABLE 4. - INTEGRATED CONCENTRATION X TIME PRODUCTS WITHIN THE INFESTED 

COMMODITY 



Hours 



Rectangle 



Triangle 



Total area 



Cumulative 



1 




2 


f 


3 


11 


4 


15 


5 


17 


6 


18 


7 


19 


8 


20 


9 


20 


10 


20 


11 


20 


11.7 


13 



3 

2.9 

1.65 

1 

0.5 

0.5 

0.25 



3 

8 , 9 
13.35 

16 

17.5 

18.5 

19.25 

20 

20 

20 

20 

13 . 5 



pg h/1 

3 

11.9 
25.25 
41,25 
58.75 
77.25 
96.5 
116.5 
136.5 
156.5 
176.5 
190.0 



Dosage schedules are, perhaps, best given in terms of weight of chemical 
required for a certain space for a specified period of time along with 
the c X t products necessary to achieve control. Thus by monitoring gas 
concentrations during treatment, an applicator can add gas, extend the 
exposure or make other changes necessary to ensure success. For plant 
quarantine work, recommendations based on the c x t principle are 
particularly valuable because they promote uniformity in standards and 
permit reliable certification of goods so treated. Schedules based on 
these concepts are in use in several countries, e.g. Plant Protection and 
Quarantine Treatment Manual (USDA, 1976), For other treatments of stored 
products, where sorption in the commodity is appreciable, schedules based 
on the c X t principle but given in terms of weight of fumigant per unit 
volume of space and per unit weight of goods for specified exposure times 
have been worked out for some commodities (Thompson, 1970). 

While the c x t method is useful for most fumigants, it cannot be 
employed with phosphine. Although concentration and exposure time are 
still the main factors that determine toxicity of this fumigant, the 
length of the exposure time is of great importance. Phosphine is a slow 
acting poison that is absorbed slowly by some insects even at high 
concentrations (Bond et al . 1969), Therefore, high concentrations may 
not increase toxicity; in fact, they may cause insects to go into a 
protective narcosis, as described later in this chapter. In a phosphine 
fumigation certain minimum concentrations are required, and therefore gas 
analysis should be carried out to ensure the presence of sufficient gas. 
For most treatments the manufacturers' directions will provide adequate 
treatment if no excessive loss through leakage or sorption occurs and 
adequate periods are allowed under gas. 
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Toxicity of Fumigants to Insects 

^s far as is known at present, fumigants enter the insect mainly by way 
of the respiratory system. The entrance to this system in larvae, pupae 
and adults is through the spiracles, which are situated on the lateral 
surfaces of the body. The opening and closinq of the spiracles are under 
muscular control. To enter insect eggs, gases diffuse through the shell 
(chorion) of the egg or through specialized "respiratory channels". It 
has been shown that some gases may diffuse through the integument of 
insects, but at present the comparative importance of this route for the 
entry of fumigants is not known. 

It is known that the poisoning of an insect by a fumigant is influenced 
by the rate of respiration of that insect; any factor that increases the 
rate of respiration tends to make the insect more susceptible. 

The practical significance of the more important factors influencing the 
toxic action of fumigants is discussed in the following paragraphs. 
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tS 10 5 

TEMPERATURE (C) 



FIGURE 6. - Hortality (LD^^) of Sitophilus qranarius adults and 
Tenebroides mauritanicus larvae when exposed to methyl bromide for eighl 
hours nt different temperatures* 
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For the reasons already given in the previous discussion, at lower 
temperatures sorption of the fumigant by the infested material is 
increased and more fumigant must be applied to compensate for this. 
Also, diffusion of a gas is slowed down in relation to reduction in 
temperature. 

Pref umiqation and Postf umigation Temperatures 

It is important to bear in mind that the results of a fumigation may be 
influenced not only by the temperature prevailing during the treatment, 
but also by the temperatyres at which the insects are kept before and 
after treatment. 



If the insects have been kept in a cool envir 
will be low. If they are immediately fumiga 
their physiological activity may still be 
history, and the uptake of the poison may no 
been kept at the temperature of fumigation 
treatment (Pradhan and Govindan, 1953-34) 
practical significance, particularly for cer 
may go into a state known as diapause (see Ho 
diapause and list of species involved), 
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A fumi gator must have some knowledge of the previous history of the 
infested material as well as the species to be treated if he or she is to 
apply the recommended fumigation treatments most effectively. In all 
treatroents, the material should be warmed to the treatment temperature 
for several hours to bring the insects to corresponding physiological 
activity before fumigating. If species disposed to the state of diapause 
are present (e.g. some members of the order Lepidoptera and the families 
Dermestidae and Ptinidae of the order Coleoptera) the dosage and exposure 
applied should be increased to a level that will kill the most tolerant 
insects . 

Under experimental conditions, variations in postf umigation temperatures 
have been observed to influence insect mortalities, but the effects are 
more complex than those observed in the study of pref umi ga t ion 
temperatures. However, the net contribution of the post fumigation 
temperature effects would not be of sufficient importance in practice to 
influence the results of the procedures recommended in this manual. 
Reference to the papers of Sun (1946) and of Pradhan and Govindan (1953- 
54) should be made by those wishing to pursue this aspect of the 
:s«ib4,ect. 



Summary of Temperature Effects 



From the foregoing discussion it is clear that temperature has far- 
reaching effects on all the factors governing the auccesaful outcome of 
fumigation. In order to clarify the significance of these effects they 
■ay be summarized as follows? 



XXVI 



1« For practical purposes, it is inGreasingly difficult to kill insects 
with fymigants as the temperature is lowered to 10°C. Below this 
point* in progression, various species or stages may succumb to low 
temperature or be weakened by it* 

1p Adsorption is the most important physical factor modifying the 
penetration of fumigants. The amount of gas physically adsorbed 
Increases as the temperature is lowered, and it is necessary to add 
progressively more fumigant to sustain concentrations free to act on 
the insects, rurthermore, because of this inverse effect, at low 
temperatures diffusion of the gas into the material is slower during 
the treatment, and there is a corresponding decrease in the rate of 
de sorption afterwards. 

3. Chemical reaction of the fumigant with some of the fumigated 
material increases as the temperature is raised. If the residues 
formed are of significance, it is advisable to conduct the treatment 
at as low a temperature as possible, with due regard for the handi- 
caps to successful results summarized in paragraphs (1) and (2). 

In the light of these three main effects the Influence of temperatyre In 
different types of fumigation may be considered: 

A« With commodities that are easily penetrated and are not highly 
sorptive, fumigation is practicable at relatively low temperatures 
with fumigants such as methyl bromide. It will be noted that some 
of the schedules of recommended treatments at the end of this manual 
Include provision for fumigations at temperatures down to 4^C. 

1. Fumigation at temperatures at which the insects are not active may 
be advantageous in some quarantine treatments. There are two 
principal reasons for this. Firstly, if seeds or live plants in 
dormant condition are being fumigated, the risk of injury is reduced 
by avoiding the possible stimulating effects of higher temperatures 
on physiological mechanisms. Secondly, if the infesting insects are, 
active fliers, their chances of escape from the material awaiting 
treatment in a cool environment are greatly reduced. 

i« With highly sorptive materials, on the other hand, low temperature 
fumigation may not be advisable because increased adsorption of the 
gas by the commcdity may interfere with penetration. Also, under 
some conditions, the material may be hazardous for handling because 
the adsorbed fumigant is held longer at low temperatures. 

EFFECT OF HUMIDITY 

From the present knowledge of insect toxicology, it is not possible to 
make any general statements about the influence of humidity on the 
susceptibility of insects to fumigants. Variations in response at 
certain humidities have been observed not only between different species 
subjected to different fumigants but also between stages of the same 
species exposed to a single fumigenl. However, variations duf to 
humidity are not so important in practice as l^.ose due to tempe ra Lu re * 
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EFFECT OF CARBON DIOXIDE 

Carbon dioxide, in certain concentrations, may stimulate the respiratory 
movementa and opening of spiracles in insects. A number of authors have 
shown that addition of carbon dioxide to some of the fumigants may 
increase or accelerate the toxic effect of the gas (Cotton and Young, 
1929; Jones, 1938; Kashi and Bond, 1975; Bond and Buckland, 1978). 
With each fumigant acting on different insects, there seems to be an 
optimum amount of carbon dioxide needed to provide the best insecticidal 
results. Excessive amounts of carbon dioxide tend to exclude o,<ygen from 
insects and thus interfere with the action of the fumigants. 

With certain fumigants, such as ethylene oxide and methyl formate, the 

addition of carbon dioxide may work to advantage both by reducing the 

fire or explosion hazards and by increasing the susceptibility of the 

insects. On the other hand, with fumigants that are nonflammable, the 

advantages of adding carbon dioxide may be offset by the extra cost and 
work required to handle the additional weight of containers. 

The use of carbon dioxide as a "fumigant" introduced artificially into 
grain storages or other structures is not registered for use in Canada. 

PROTECTIVE NARCOSIS 

Some fumigants can produce paralysing effects on insects that may alter 
the toxicity of these or other fumigants. In the use of hydrogen cyanide 
(HCN) against insects, it has been shown that, if certain species are 
exposed to sublethal concentrations before the full concentration is 
applied, the resulting fumigation is less effective than one in which the 
Insects are subjected to the full concentration from the very beginning 
(Lindgren, 1938). A similar protective effect can also occur with the 
fumigant phosphine if insects are exposed to excessive concentrations 
during a treatment (Winks, 1974a). Also, insects that have been 
narcotized by sublethal concentrations of HCN have been found to be 
protected from lethal treatments with other fumigants, e.g. methyl 
bromide (Bond, 1961) and phosphine (Bond et al , 1969). This effect has 
been referred to as "protective stupefaction" or "narcosis". 

Although phosphine itself can narcotize insects it does not, however, 
protect them from the action of methyl bromide as does HCN; in fact, 
phosphine and methyl bromide can be used together as a "mixture" to 
enhance the effectiveness of each other (Wohlgemuth et al , 1976; Bond, 
1978). 

From the practical point of view the phenomenon of narcosis is important 
because it can reduce the effectiveness of certain fumigants. However, 
steps can be taken to avoid problems of this nature: 

%w In fumigations with HCN the maximum concentration attainable from a 
recommended dosage should he achieved as soon as possible at the 
beginning of the treatment. 
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2. HCN should not be applied with other fumiganta auch as methyl 
bromide or phosphine, if the roaximum toxic effect is to be 
achieved. 

3. Excessive concentrations of phosphine likely to produce a protective 
narcosis should not be used. 

FLUCTUATIONS IN SUSCEPIIBILITY OF INSECTS 

It has often been observed that there may be fluctuations in the 
susceptibility of populations of insects to a given poison. Some of the 
reasons are known, while others need further clarification. Two 
important factors are undoubtedly seasonal changes in climate and the 
effect of nutrition. The susceptibility of insects may be greatly 
influenced by the quality of the food they consume. It also has been 
observed with some insects that a certain amount of starvation may make 
them more, rather than less, resistant to fumigants (Sun, 1946). 

In practical work it is well to know that fluctuations in resistance may 
occur. The alert operator must always be on the lookout for any changed 
conditions that may necessitate modification of recommended treatments. 

COMPARATIVE TOXICITY OF FUMIGANTS 

Apart from the influence of the environment, there is a great variation 
in susceptibility of different species of insects to different fumigants* 
The successive stages of a given species may also vary greatly in 
response. Figure 7 illustrates this point. The data were obtained 
during an extensive study of the usefulness of HCN and methyl bromide for 
the disinf estation of empty ships (Monro et_a_l, 1952). 



Howe and Hole (1966) have shown that these variations in the 
susceptibility of stages of Sitophilus qranarius (L.), observed under 
practical conditions, are closely confirmed in laboratory experiments. 

A large number of studies have been made under laboratory conditions to 
determine the relative susceptibility of insects to different fumigants. 
Table 5 shows how fumigants may vary in their toxicity to 

common species. Bowley and Bell (1981) have reported on the toxicity of 
twelve funigants to three species of mites infesting grain. 



Acquired Resistance of Insects 

Many species of insect have the ability to develop resistance to certain 
insecticides. With fumigants this problem of resistance is a matter of 



tABLl .S. CONCENTRATION x TIME PRODUCTS* OF CERTAIN FUMIGANTS REQUIRED FOR THE CONTROL OF VARIOUS SPECIES OF INSECTS 



Fumlgant 



Acrynonlt rile 
Carbon disulphlde 
Carbon tetrachloride 

Chloroplc rln 

E t hy 1 e n e d 1 b rom 1 d e 

Ethylene dlchloride 
Ethylene oxlde 

Hydrogen cyanide (HCN) 
Methyl bromide 



Phosphl ne 

(2-i hr exposute 27®C) 



Sulphuiyl fluoride 



Oryzaeplillus 
surlnaBeDsls 

Adults 

**LD95 

6 h 21°C 



^408.0 



"♦If.! 
^19,2 

*462.0 
^60.0 



Rhyzopertlia 
doaidlca 

Adults 

LD95 

6 h 2lOC 



Sltophiltis 
granarlus 

Adults 

LD99 

5 h 25°C 



Sltophllps 
oiyzae 

Adults 

LD95 

6 h 21^C 



Tenebroides 
maurltanlctis 

La rvae 

LD99 

5 h 25°C 



TriboliuB 

Adults 

LD99 

5 h 25°C 



T ribol luB T rogode ma 
castaoeuii graoarltta 



Adults 

LD90 

6 h 24 ®C 



Larvae 

LD95 

8 h 21**C 



^8.4 

*294.0 



15.6 



^37.2 



11.0 



^325.0 



10 



4 495,0 



hso.o 



34.5 



^636.0 ^^1 230.0 



^69,6 



36.0 



**10.8 
^300.0 



'2 220.0 



'23.4 



'60.0 



^738.0 



*62.0 



17.5 



40.0 



828.0 



19.5 



2 400.0 
(LD50) 

1 



10 



56.0 



125.0 



560.0 
2 025.0 

^57.5 
^31.0 



^1 728.0 ^^365.0 



175*0 



^7.2 


^15.6 


^67. 5 


3 60.0 (LD99) 
5 h 25°C 


^66.5 


^40,8 


*33.'0 


^28.0 


230.0 
(LD99.9) 


kis.o 


®0.96 


%.6 


•l.Ol 


%.36 


I5.O 


(LD99) 


(LD99) 




CLD99) 


app rox* 



^27, 5 



■■5-5 



64.0 



8 



0.48 



81.5 



55,0 



'48.0 



'696.0 



11 



600.0 



11 



14.0 



'22.0 CLD.95) 

4 h 27 °C 

^^462.0 

^135.0 
(LD99) 

5 h 25°C 

^2.4 (LD95) 
4 h 2 7*^C 

'62 (LD95) 
4 h 2 7% 



^96.0 ><; 

X 

^80.0 X 



'2 080.5 



^176.0 



76.4 



136.Q 



11 



1 1 . 5 



^331,0 
100^^. mo rt . 
72 h 21*=*C 



T 7 3 

*ln teias of mill IgramiBe hours per litre - **LD - Lethal dose - ^Bond and Monro (1961) - "^B rown (1959) - Busvine (1938) - 

^Lindgien et al (1954) - ^Llndgren et al (1955) - ^Lindgren et al (1958) - -Llndgren and Vincent (1965) - °Lindgren et al (1966) - 

^Msjum r (1962) - ^^Shepard et al (1937) - ^^Bang and Telford (1966). 
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FIGURE 7. 



susceptibility of different life stages of 

Sitophilus qranarius to HCN (dosage 0.72 to 0.84 percent by volume) and 

methyl bromide (0.21 to 0.76 percent by volume) during the fumigation of 

ships. Exposure for 10 to 12 hours, temperature range 3 to 



The relative 
qranarius to HCN 



empty cargo 
28°C. 



(Monro etal, 1952) 
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Research in laboratories has shown that a number of destructive stored 
product insects can develop appreciable resistance to fumigants. 
Selection of the granary weevil ( Si tophi lus qranarius) has produced a 
strain with more than 12-fold resistance to methyl bromide (Bond and 
Upitis, 1976). A strain of the red flour beetle, Tribolium castaneum 
(Herbst), developed a 10-fold resistance to phosphine in six generations 
(Winks, 1974b). 

There is recent evidence, from field studies in India and Bangladesh, of 
the development of resistance to phosphine in the Khapra beetle (Borah 
and Chalal, 1979) and other stored grain pests (Tyler et al , 1983). 

Resistance to fumigants is of concern because of the great value of 
fumigants for pest control and because of the very limited number of 
materials available. Even low levels of resistance in species of insects 
that are cosmopolitan and easily transported to other parts of the world 
could be of serious consequence. 

In view of the importance of resistance to fumigation, a brief and 
simplified account of some features of the problem are given below. 

HOW RESISTANCE DEVELOPS 

When a population of insects is exposed to an insecticide some 
individuals are killed more easily than others. The insects that are 
more difficult to kill may survive after the treatment and produce off- 
spring that are also hard to kill. These insects are said to be more 
tolerant because they can withstand above-average doses of the poison. 
If a population is repeatedly treated with the same insecticide and eacfi 
r.ew generation has increasingly higher tolerance, a "resistant" strain 
is produced. Resistance is a genetic characteristic that is passed on 
from one generation to the next. 

In the laboratory, resistance is produced by treating a population to 
kill most of the insects, breeding the tolerant survivors to produce a 
new generation, re-treating and continuing the process until a resistant 
strain is obtained. This process is known as selection for resistance. 
A number of strains of insects with resistance to different fumigants 
have been produced in this way (Monro et al , 1972; Bond, 1973; Winks, 
1974b; Bond and Upitis, 1976). 

In the field, resistance to fumigants can develop in the same way. In o 
grain bin, on a cargo ship or any other place where a resident populatioti 
of insects is treated over and over again with the same (umiqunl, 
resistance might develop. InsectB that are not killed may prruluce nrw 
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generations with increasingly greater tolerance. Generally, resistance 
does not develop as readily in wild populations as in the laboratory 
because the selection process .may be irregLlar and because they may 
interbreed with non-treated susceptible insects. However, the fact that 
resistance has been discovered in wild populations indicates the 
possibility that further resistance may develop where fumlgants are used 
regularly* 

NATURE OF RESISTANCE 

Resistance is an inborn characteristic that allows individual insects to 
tolerate above average doses of a poison. Resistant insects usually are 
similar in appearance and have the same habits as susceptible insects. 
Normally, they can only be distinguished by their ability to tolerate 
excessive concentrations of the fumigant. Tests have been designed for 
detecting and measuring resistance to fumigants (FAO, 1975; UK, 1980). 
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portent feature in resistance is the ability to tolerate the effects 
ore than one poison. Insects that have resistance to one fumigant 
some cases, also be resistant to other fumigants 
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cteristic, known as "cross-resistance" is demonstrated by the data 
able 5. It can be seen that granary weevils selected with methyl 
de were also resistant to several other fumigants, and the levels of 
-resistance were all significant in terms of practical control, 
cross-resistance was not found, however, in insects selected with 
hine (Honro et al , 1972; Kern, 1978) or ethylene dibromide (Bond, 



TABLE 5, - RESPONSE OF METHYL BROMIDE - RESISTANT GRANARY WEEVIL TO SIX 
OTHER FUMIGANTS* 



Fumigant 

Methyl bromide 

HCN 

Aery 1 on it rile 

Ethylene oxide 

Chi crop icrin 

P h 3 p h i n e 

Ethylene dibroiiide 



R 


e s i s t a n 


t 




19 


.7 






16 


.4 






4 


.9 






20 


1 






6 


.6 






13 


.0 






8 


.5 





Normal Tolerance ratio 

3.6 5.5 

8.2 2.0 

1.05 4.7 

4.1 4.8 
3.9 1.7 

2.2 5.9 
2.85 3.0 



* Dosage in mg/1 for 5h, at 25°C required for 50 percent mortality CMonro 
et al , 1961), 
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TESTING FOR RESISTANCE (FAO, 1975) 

Por routine monitoring to detect the initial appearance of resistance in 
wild populations of stored product beetleS| it is convenient to use a 
discriminating dose, which is expected to kill all susceptible specimens. 
The dose chosen is that corresponding to slightly above the LD99 9 
obtained from the regression line for susceptible beetles allowing for, 
in the case of phosphine, what appears to be inherent variability of 
response. Some discriminating concentrations are given in Table 6. 
Susceptible reference strains must always be included in discriroinat i ng 
tests. 

When using a discriminating test with fumigants it is always advisable to 
make provision for abnormal concentrations. If a concentration is 
obtained that is less than the discriminating concentration, this will 
be revealed by abnormal survival in the susceptible reference strain. 
Abnormally high concentrations may be revealed by the inclusion in the 
tests of a reference strain (or species) with slightly greater tolerance 
to the fumigant than the susceptible reference strain on which the 
discriminating dose is based, approximately x 1.5 for methyl bromide 
tests and x 2.5 for phosphine tests. An alternative approach is to use 
three dosages, one at the discriminating dose, one at the approximate 
LDqq level and the other at an equivalent level above the discriminating 
dose* 

In regular monitoring for resistance, it should be detectable even when 
only a small proportion of resistant individuals is present. A minimum 
ot 100 insects in two batches of 50 should be used per sample. 

Limited numbers of insects may not be sufficient to detect low levels of 
resistance. Therefore, additional samples should be obtained, if 
possible. If, however, there is suspicion of serious resistance (e.g. 
from failure of treatments) a test with small numbers (10 to 20) may 
provide valuable early indication. 

The insects are exposed to the discriminating dose for the appropriate 
period in the usual way. If all of them are dead at the end of the post- 
treatment holding period, the sample can be classified as "no resistance 
detectable", and the medium in which they were held is put into a hot-air 
oven to destroy the culture. On the other hand, the presence of 
surviving insects at the end of the test should be regarded as prim a 
f a c i e evidence of resistance and investigated further. 

CONFIRMING RESISTANCE 

Ihe appearance of unaffected insects in a discriminating test could be 
due to the presence of unusually tolerant individualG from a ruirmaJ 
population. Provided that the conditions of exposure, the phyniolngiofjl 
state of the insects and the dosages are consistent, the probnljllity uf u 
single insect in a batch of 100 being unaffected due to chance is loy;; 
than 0.1 (e.g. less than once in 10 tests). It is importent tc ii('t*;rminf 
whether incomplete response is due to such causes or to qcnuinti 
reiii stance. This can be checked as foilowu: 



TABLE 
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NORMAL SUSCtPTIBILITY DATA OBTAINED FOR METHYL BROMIDE AND 
PHOSPHINE, WITH DISCRIMINATING DOSAGES. 



LD 



sa 



• «■ .. » * 



'"^f f ,9 Discriminating 
dosage 

■ ••,#,„. ing/1 . ,. , , * . , ,, „ , . ^, , p^ „, , 



METHYL BROMIDE 



lExposure peflod - 5 houril 
Sitophilus orvzae C L . ) 
S. zeameis Motsch« 
S. qranarius (L . ) 
Rhvzopertha dominica ( F , ) 
Jriboliuro castaneuro (Herbst) 
T . conf uaum Duv. 
Oryzaephi lua surinameriais ( L . ) 
jD . mercator (Fauv.) 



I^'.« 


4.8 


& 


l.l 


5.4 


i 


t»l 


7.5 


i 


*.a 


7.4 


7 


•.* 


11.7 


12 


f»j 


11.2 


11 


5.8 


8.5 


t 


fi-i 


8.5 


9 



PHOSPHINE 



(Exposure period - 20 hours) 

Sitophilus orvzae 

S. zeamais 

S. qranarius 

Rhvzopertha dominica 

Tribolium castaneum 

T. confusum 

Oryzaephi lug ay rinamensis 

0. raercator 



0.011 


0.039 


0.04 


0.007 


0.013 


0.04 


0.013 


0.041 


0.07 


0.008 


0.028 


^^ 0.03 


0.009 


0.028 


0.04 


0.011 


0.029 


0.05 


0,012 


0.036 


0.05 


0,011 


0.034 


0.05 
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itm The test can be repeated using further samples from the same field 

population. The chances of adventitious failure to respond by a 
single individual in each of successive tests decline progressively 
(less than 0.01, 0.001, 0.0001 and so on). Survival of two or more 
indviduals throughout is even less likely. Therefore, the 
continued appearance of a proportion of unaffected individuals can 
be considered as proof of resistance. 

1« Alternatively I the insects which were unaffected in the 
discriminating test may be kept and used for breeding a further 
generation. If their reaction is actually due to resistance, it 
will be found that a substantially larger proportion of their 
progeny will fail to respond to the discriminating dose. 

When these tests indicate that a population of insects is resistant, then 
extensive testing should be carried out to determine the degree of 
resistance present. 

WAYS TO AVOID RESISTANCE 

Precautions can be taken to peduce the possibility of insects developing 
resistance to fumigants. 

Perhaps the most effective measure involves alternate control practices 
that do not require chemicals. Good sanitation procedures, proper 
storage conditions, insect resistant ' packaging and all other measures 
that prevent infestations from developing can do much to reduce the need 
for fumigants. Treatments such as aeration of the commodity, irra- 
diatioR, temperature extremes, Insect pathogens, etc, 
can also be employed. 

Where fumigants have to be used on a regular basis, close guard should 
be kept against control failures. Complete control of ill insects in a 
treatment is the best insurance against resistance. 

Periodic checks for resistance should be made in areas that are fumigated 
regularly. If signs of resistance begin to appear (as indicated either 
by control failures or through the test procedure) then every effort 
should be made to eradicate the population. The measures necessary for 
eradication will vary in different situations; the> may involve a number 
of procedures using both chemical and non-cheaii cal means. 

Rotation of fumigants may be effective in some instances, especially if 

cross-resistance is not a problem. For example, methyl bromide might t)e 

used at intervals in a control programme that relies mainly on 
p h o s p h i n e • 

One measure that is not advisable in dealing with resistance problems 
involves increased dosing. Such practices as doubling the dose of 
fumigant to achieve an economic level of control can magnify the problem 
unlesG complete eradication is assured. Any insects surviving incr teased 
doses may develop even higher levels of resistance than would occur w i L 1 1 
the normally recommended treatment. 
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FICTOtlAL KY TO bUviE COW«OM iCf filS mB rttEVlLS ASSOCIAIED \^JTH SIOIJCD FOODS 



BODY VERY FLAT. 

AlsmNNAE HALF AS LONG 

OR LONG EH THAN BODY 



PRONOTUM WITH 6 TEETH 
ON iACH SID€. tlEAK ABSf NT; 
SPECieS ABOUT I/a INCH LONG 



PiRONOTUM WITHOUT TEETH ON EACH SIDE 
BEAK ABSENT 




A FLAT GRAIN BEETLE 

Cryptolettrs 



SAW-TOOTHED GRAIN BEETLE | 
Oryxaephituj suririBmensis 

MERCHANT BEETLE 
Orytaephilus mercmor 




PROiW:0TUM WITHOUT TEETH O'N 

EACH SiD€. BEAK. PRiSiNT; SPiCliS 

ASOUT im INCH LONG 



WITH PATT uRM ON WINGS 

AND BOD'Y. NOT SMO'OTH 

BUT HAIRY 




SMALL BROWNISH SPECIES 

LESS THAN 1/4 INCH LONG 



LARQi BLACKISH SPECIES 
1/4 to 3/4 INCH LONG 



EACH FORE WING WITH 2 PALE SPOTS 
PRONOTUMWITH 

ROUND PUNCTURES 



EACH FORE WING DARK 

PROiNOTUM'WlTH 
ELONGATiE iPUNCTUiRES 




liEAO VISIBLi FROM ABOVE 
1/8 INCH LONG OH MORE 




HEAD HIDDEN UNDER PRONOTyM 
LESS THAN im INCH LONG 



CONFUSED AND RED FLOUR BEETLES 
Tmbotium confumm and cnsmneum 






RICE WEEVIL 
Sitophdus oryza 



GRANAR'i WEI VII 

Si top i lilt ts i:ru nan 11 j . 



1 



FLATTENED BEETLES 

1/4 TO 1/2 INCH LONG 

pnONOTUM SEPARATED BY STRONG 

COiNSTRlCTION FROMI BASES 0,F WINGS 



CONVEX iEElLES 

til INCH LONG OR MORE 

PflONOTUM NOT SO STRONGLY 

SEPARATED FROM BASES OF WINGS 



FORE WING WITH 
jRO^UGHENiD SURFACE 



FORE WING WITH LINES 



FORE WING SMOOTH 






'■ LESSER GM,A1N BORER 
Rkyzopenha dominica 



DRUG STO'RE B^ELTLE 
Strgobium panic cum 



CIGARETTE BEETLE 

Lasioderma semcome 





7'enehroidfs maurttuiu^ ijj 



YELLOW MI-.AL WORM 
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INTRODUCTION 



All pest control products containing methyl bromide are classified 

in Schedule 1 which, when used for a general space fumigation in 
the Pro^vince of Ontario,, requires, under the Pesticides Act and 
Regulations, that the applicator be licensed appropriately and 
acquire a permit for use (Forin 4). 

Because it is colourless, practically odo^urless and tasteless, it 
is not apparent to the operator when a toxic atmosphere is 
encountered. As a result, some cases of methyl bromide poisoning 
have occurred from fumigation with methyl bromide. 

The physical characteristics of methyl bromide make it especially 
adaptable for various types of fumigations. Space fumigation 

procedures are different from those used in soil fumigation. For 

further information o^n soil fumigation, consult the publicatio^n 
entitled "Methyl Bromide Soil Fumigation Procedures In 

Greenhouses" . 
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PHYSICAL PROPERTIES OF METHYL BROMIDE 



Common Name . » , « # . # ♦ . . Methyl Bromide (monobromome thane) 

Formula . . . . , » • . . . . . CH^Br 

Commercial Grades . . . . » • , Not less than 99.5% pure. 



sical State * ♦ ...... Gas at 20**C and 760 mm Hg, Liquid 

under pressure in cylinders or 
cans at 20*C, 



Flash Point . * * #•.*«. . Practically nonflammable. 

Has been used as a fire 
extinguisher. 



Boiling Point * » % 



. . 3.6*C Oe.S^F) at normal 

atmospheric pressure (760 mm Hg) 



Colour . . . . * , « . . , . . Colourless. 



Reaction with Metals 



Not particularly corrosive to 
most metals. However, the liquid 
will react with aluminum, 
magnesium, and their alloys, 
possibly with ignition. 



Odour , , < i . 



%:• -g; .^ Si ii 



Odourless at fumigation 
concentrations. 



Solubility 



. . Slightly soluble in water (1.34 
g/100 ml at 25'C and 760 mm Hg) 



Specific Gravity of Gas 

(Air - 1) . . . . . . . . . . .3,27 at 0*C 



Threshold Limit Value 

(Inhalation) 5 ppm by volume (20 mg/m^) 

(ACGIH - 1985) 
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HAZARDS 



Health Concerns 



Methyl bromide is a very toxic chemical. Oral intake, vapour * 
inhalation, or prolonged or repeated contact with the skin is 
harmful. Liquid contact with skin or mucous membranes can cause 
severe burns. Exposure to high concentrations of vapour may cause 
delayed skin burns. Vapour inhalation will cause lung irritation, 
varying from mild bronchitis to respiratory failure. The 
respiratory effects are usually accompanied or followed by effects 
on the central nervous system. The vapour has no appreciable 
odour in low concentrations. Concentrations above 1000 ppm have a 
sweet, chloroform-like odours. However, odour is not a reliable 
w a r n i n g p r op e r t y , 

The threshold limit value suggested by the American Conference of 
Governmental Industrial Hygienists (ACGIH) is 5 ppm in air by 
volume. (Time weighted average exposure which is safe for 
repeated daily exposures of 8 hours duration) . 

Acute Toxicity 

Repeated exposures to 100 ppm, 7 hours a day, can produce very 
serious poisoning. Single exposures to 1000 ppm for 30 to 60 
minutes are very dangerous to life. The effects are on both the 
respiratory and the central nervous systems. Unless the 
concentration is high enough to cause rapid narcosis and death 
from respiratory failure, the most striking response to exposure 
at high concentrations will be lung irritation resulting in 
congestion and oedema. Pulmonary effects may be somewhat delayed, 
and bronchial pneumonia often develops later. Symptoms may 
also include nausea and vomiting, cough, chest pain and shortness 
of breath. Central nervous system effects usually accompany, 
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or follow by several hours, the respiratory syieptoms. Individuals 
exposed to lower concentrations may show only central nervous 
systeii effects. Their syioptoms would include nausea and vomiting, 
dizziness, blurred vision, staggering gait and slurred speech! 
Convulsions are a common symptom. 

At the first sign of any of the above symptoms, the affected 
person and his assistants should immediately get out of the 
fumigation area and into fresh air. Under some circumstances, 
symptoms may not show up until 48 hours after exposure. 

The patient should be kept warm and the doctor called immediately. 
If the patient stops breathing, administer artificial respiration 
until a doctor arrives and takes charge. There is no antidote 
though treatments using sulfhydryl agents have been effective. 
The Fumigator should consult the Material Safety Data Sheets (copy 
is attached to this publication) and obtain further information 
from their supplier of methyl bromide gas. 

First Aid 

In case of accident, call a physician immediately. If there has 
been liquid contact with skin or clothing, remove all clothing and 
wash the skin with plenty of soap and water. If splashed into the 
eyes, flush the eyes with water for at least 15 minutes. If 
inhaled, place the patient in fresh air, face downward with head 
slightly below level of lungs. The patient should be kept warm. 
If the patient stops breathing administer artificial respiration 
until a doctor arrives and takes charge. 
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Chronic Toxicity 

Exposure to low, but harmful, concentrations of methyl bromide 
over a long period of time, results in a variety of signs and 
symptoms, most of which are due to injury to the central nervous 
system. In order of frequency, these are: visual disturbances, 
slurred speech, numbness of the extremities, mental confusion, 
hallucinations, tremor and frequent fainting attacks. Symptoms 
may subside within a few days after termination of exposure, or 
may persist for several months. Numbness of the extremities and 
visual disturbances are the last to subside. Complete recovery is 
the rule. 

Eyes 

Direct contact of the eyes or eyelids to liquid methyl bromide 
may cause serious injury to either or both. 

Skin 

Since methyl bromide has a very low boiling point, it evaporates 
from the surface of the skin rapidly causing tingling, burning and 
numbness, followed by aching pain. However, if the material is 
spilled on clothing, gloves, or shoes, such coverings may maintain 
close and continuous contact of the methyl bromide with the skin. 
Since there is often no particular sensation produced by such 
contact, the individual may be unaware that the exposure has 
occurred, and burns may result. Blisters commonly appear after 
several hours. If exposure is not sufficient to cause blisters, 
itching dermatitis may appear after several days. Rubber gloves, 
jewellery, bandages, cigarettes, wallets, etc. should not be worn 
or carried when in an atmosphere containing methyl bromide. 
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METHYL BROMIDE AS A FUMIGANT 

Methyl bromide is a very efficient space fumigant when handled and 
used according to label directions and accepted fumigation 
practices* 

Methyl bromide has demonstrated its effectiveness on many species 
of insects and rodents. It kills insects in all stages of their 
life cycles through the spiracles of the respiratory system. 
Specialized respiratory channels or diffusion allows the fumigant 
to penetrate the egg. Since an increase in ambient temperature 
increases the rate at which an insect respires, it becomes more 
susceptible to the fumigant as the temperature rises. 

Methyl bromide has the ability to penetrate almost any commodity 
quite readily and achieve a complete kill within 24 hours. 
Because temperature and other environmental conditions affect the 
dosage required to achieve a complete kill, the exposure may be 
shortened to a minimum of 8 hours if the dosage of methyl bromide 
is increased proportionally to the space under fumigation. 

Depending on such factors as commodity temperature, fumigation 
seal and others, the degree of insect kill will vary. In some 
instances, delayed insect mortality may result at the end of a 
fumigation, or adults may be sterilized and moulting inhibited. 



Types of Buildin gs that can be Fumigated with Methyl Bromide 

Almost any frame or metal buildings that are ih a sound condition 
(good repair and relatively air tight) can be fumigated. Some 
problems have been encountered with hollow or solid cement block 
walls because of their porous nature, however, they can be 
fumigated by increasing the dosage and the time of exposure. 

Methyl bromide is registered for use in Canada for structural 
fumigation for the following uses, pests, and rates of 
application. Check the label for authorized uses. 



~^^^ -^ PEST(S) RATE OF APPLICATION 

GRAIN (stored) - all stored products 3.25 - 6.50 kg/ 

insects (all stages) 100 m^ 
^ boxcar, warehouses, - mites 

tarpaulin, vault, - rodents 

vacuum vault, mill 

(cereal and food) 

ship and 

bulk grain 

storage 

CHEESE - mites 3.25 kg/100 m^ 

(aerate for at 



least 48 hours) 



FEED, FOOD, MONFOOD 



Dwellings, food - all stored product 2.50 - 3.25 kg/ 

insects 100 in3 

-processing plants, - rodents 

tarpaulin, vault, 

vacuum vault 

trailer and 

space fumigation 



NOTEi In Ontario under the Pesticides Act and Regulation, a 
Structural Class 1 exterminator can use products 
containing methyl bromide only under the following 
conditions: 
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1« the exterminator must be assisted by a Structural 
Class 1, 2 or 6 endorsed for methyl bromide 
structural licensed person at all times during the 
fumigation; 

If a permit is required prior to the use of methyl 
bromide for a general space fumigation. 

In Ontario, under the Pesticides Act and Regulation a 
Structural Class 6 exterminator endorsed for the use of 
methyl bromide can only use the product under the 
following conditions: 

1, the exterminator must be accompanied by a 
Structural Class 6 endorsed for methyl bromide or 
Structural Class 4 endorsed for methyl bromide 
licensed person at all times during the 
fumigation; 

Mm An endorsed licence is for a specific premise 
unless otherwise stated; 

li An endorsed Class 6 Structural Exterminator's 
licence for methyl bromide does not allow the 
licencee to use methyl bromide for space 
fumigation. Only tarpaulin, vault, vacuum vault, 
trailer and boxcar fumigations can be conducted. 
Permits are not required for these conditions if 
they meet the exemptions under the Pesticides Act 
(See 42, 43) . 

4« A person licenced as a Class 4 Structural 
exterminator, endorsed for methyl bromide may only 
use methyl bromide for tarpaulin, vault, vacuum, 
vault, trailer and boxcar fumigation and only in 
the presence of a Class 6 Structural Exterminator 
endorsed for use of methyl bromide* 
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ADVERSE EFFECT ON MISCELLANEOUS MATERIALS 

The fumigation of some foodstuffs with methyl bromide may result 
in the creation of undesirable taints or odours. These may be 
transitory or permanent. In some instances they may be attributed 
to reactions with sulphur or sulphur compounds originally present 
or added during processing. Do not fumigate if the produce 
concerned will be damaged. If the moisture in grain is high or if 
the grain temperature is below 16 "C, fumigation should not be 
carried out. 

The following material foodstuffs should not be exposed to methyl 
bromide, or should be exposed only after conducting preliminary 
tests with small samples; 

1. iodized salt stabilized with sodium hyposulphite; 

2. salt blocks used for cattle licks; 

3* certain soap powders and baking sodas; 

4. sponge rubber; 

5. foam rubber as in rug padding, pillows, cushions and 
mattresses; 

i» rubber stamps and similar forms of reclaimed rubber; 

?♦ furs, horsehair and pillows (especially feather pillows); 

•• leather goods, particularly white kid or any other leather 

goods tanned by a sulphur process; 
i, woollens, especially angora; 
IQ* viscose rayons, made by a process that uses carbon 

di sulphide; 

11. cinder blocks or mixed concrete and cinder blocks (unless 

sealed) ; 

charcoal, which not only becomes contaminated but absorbs 

great amounts of methyl bromide and thus reduces effective 

fumigant concentrations; 

paper that has been cured by a sulphide process and silver 

po 1 i sh 1 ng pape r ; 
M- photographic chemicals, not including cameras or films; 
ii* rug padding, vinyl, cellophane; 
Ji* any other materials that may contain reactive sulphur 

compounds ; 
I.?* full fat soya flour. 



iJ 



IJ 
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Effect on Metal f Plastic and Rubber 

Methyl bromide is a powerful solvent of organic materials, 
plastics and natural rubber. When pure it is non-corrosive to 
metals. Methyl bromide liquid reacts with aluminum in the absence 
of oxygen to form methyl aluminum bromide, which in the presence 
of oxygen ignites spontaneously with the development of intense 
heat « 

PRECAUTION 

Methyl bromide may react in the presence of a flame or glowing 
wire to form hydrobromic acid which may be corrosive or injurious 
to many materials, e.g., stainless steel. 

Chlorpicrin in a mixture with methyl bromide has been known to 
cause some corrosion in steel cylinders, but no similar 
difficulties have occurred with other fumigation equipment. As a 
liquid, methyl bromide has a solvent action on many plastics and 
organic materials. Natural rubber is attacked and acquires a 
strong unpleasant smell. Synthetic rubber tubing (e.g., neoprene) 
should therefore be used instead of natural rubber when lengths of 
tubing have to be joined in preparing for a fumigation. The 
common plastics, polyethylene, polypropylene and 
polytetraf luoroethylene (PTFE) are only slightly affected by the 
liquid. At the concentrations used in fumigation, gaseous methyl 
bromide has little effect on plastic or rubber, and films or 
coated fabrics can be used for fumigation sheets. 

GAS MASKS AND SELF-CONTAINED BREATHING APPARATUS 

An approved full-face gas mask and canister or an approved self- 
contained breathing apparatus should always be worn whenever there 
is any possibility of exposure to methyl bromide. Gas masks or 
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self-contained breathing apparatus should be approved by the U.S. 
Bureau of Mines and/or the National Institute for Occupational 
Safety and Health (NIOSH) for use in methyl bromide atmosphere. 

Before entering an atmosphere containing methyl bromide, be sure ♦ 
to check : 

(a) all gaskets for wear; 

(b) expiry date on canister; 

(c) for any cracks in the hose; and 

(d) the face mask for leaks* 

To do this, put on the mask with the canister attached* Place a 
hand over the hole in the bottom of the canister and inhale. If 
perfectly tight, the face mask will collapse. Canister gas masks 
are only air purifying devices, it is therefore, essential that 
they are used only in atmospheres which contain sufficient oxygen 
to support life (more than 16% at sea level) and which contain 
generally no more than 21 concentration of methyl bromide by 
volume. If the concentration of methyl bromide by volume is 
suspected of being in excess of this limit, a self-Gontained 
breathing apparatus only should be used. 

The operational life of a canister can vary from several minutes 
to an hour, depending on the design and/or the concentration to 
which it has been exposed. Once the canister becomes saturated 
with methyl bromide, it no longer protects the wearer. Consult 
the manufacturer for exact specifications, 

A used canister should be broken and discarded for there is no 
sure way of determining the residual protection remaining in that 
canister. 
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PLANNING AND PREPARATION 

Become fully acquainted with the building layout, volume, 
commodity to be fumigated, the fumigant properties, label 
restrictions and first aid procedures, and habits of the pest 
Goocerned. 

i« Know the general layout of the structure and all escape 
routes. Do not rely on old blueprints, as walls are often 
removed and new ones added. 

2. Consider the previous treatment history of any commodities 
present to determine tolerance levels and adverse effects the 
fumigant may have. 

1« Locate utility service connections and be familiar with 
locations of shut-off s and telephones. 

4* Apply for a permit at least seven days prior to the 
fumigation from the Director as indicated under the 
Pesticides Act and Regulation. Attach a map showing the 
building to be fumigated and distance to nearby properties or 
points of impingement. Upon approval of a permit proceed to 
the next step. 

S« Written notification must be received by local fire and 
police departments and the local Medical Officer of Health, 
of the chemical to be used, date and time of gas release, and 
date and time of aeration, at least 24 hours before the 
fumigation. 

• • Inform every occupant of the building (or the owner or his 
representative) of the fumigation in writing, at least 24 
hours before the fumigation. 
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f* Arrange all equipment ^nd provide for standby equipment in 
the event of equipment failure. 

t» Thoroughly seal all vents,, roof vents (roof drains that lead 
rain water directly to the ground do not need to be sealed), 
drains, windows, doors, and other openings. Security guards 
must be posted at the final exit door during the fumigation 
preparation procedures and release period. All other doors 
must be posted and locked. Warning signs measuring 35 cm x 
25 cm indicating "DANGER" in red letters at least 7 cm high 
on a white background indicating a fumigation is taking place 
and setting out the name of the fu,migator and his emergency 
telephone number should be placed at each entrance. These 
signs must be illum_inated at night. 

10. Plan the ventilation of all treated areas well in advance. 

11. Check the entire area to eliminate any open flames, switch 
off all motors and allow hot surfaces to cool. 

12. Circulation is required by means of fans to ensure even gas 
distribution, because methyl bromide is heavier than air. 

One 40 cm fan is sufficient for every 140'0i cubic metres. 
Place cylinders and fans in locations suitable to obtain 
maximum distribution of gas.. Provision shO'Uld be made to 
switch the fans off from outside the building. 

Remove caps and crack valves of cylinders outside the 
building.. Replace safety caps and valve caps prior to 
transport into the building. 

.Methyl bromide cylinders should be placed according to dosage 

requirements at strategic points throughout the structure. 
The valves should point in a direction such that the 
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fumigators do not cross the path of the released gas as 
they retreat toward the final exit, wearing approved 
respiratory equipment* 

In large operations, or in structures with high ceilings or 
roofs, stand pipes or swirlers (curved copper tubing directed 
upward) are often attached to the cylinder outlets to 
distribute the gas to a greater height. In this technique, a 
short "T" is fitted to the top of the pipe to discharge the 
gas laterally and prevent contact with the ceiling. Liquid 
methyl bromide should not come directly in contact with 
painted surfaces. 

li. Go through a simulated fumigation (dry run) first so that 
everyone knows his duties. Two properly licensed 
exterminators must work together at all times* 

14. For a large fumigation, it would be helpful to mark arrows in 
chalk on floor to indicate direction and order of movements 
of the exterminators as gas is discharged. 

Arrange the gas release procedure such that the exterminators 
are not in the building longer than 5-10 minutes from initial 
release of the gas and no longer than 30 minutes per 24 hour 
period. 

15. Make a final check to clear all personnel. Call out loudly 
that a gas is being released to be sure all is clear. 

1S« Put on approved respiratory equipment. This apparatus should 
not be removed until the fumigators have reached the outside 
air and all the fumigant has been completely discharged. 
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17. Release the gas. During the course of the treatment, regular 
checks should be made for leakage of the fumigant outside the 
building. This is not only a necessary safety precaution but 
also will prevent failure of the fumigation due to a loss of 
the gas. Gas levels and temperature in the building should 
also be monitored throughout the fumigation. It is suggested 
that inside and outside monitoring be conducted at 30 minute 
intervals in the first hour followed by readings every 3 
hours. 

18. Aerate the building after the required contact period 
(usually 24 hours). Use wind direction to your advantage and 
be aware of poor air movement that may exist when an 
inversion occurs. Wh en commencing aeration, both 
exterminators should put on approved respiratory apparatus 
(new canisters must be used)* Open as many doors and 
windows as possible from the outside. Start ventilators and 
fans. Leave the immediate vicinity for approximately 30 
minutes. Then with approved respiratory apparatus on, enter 
the building to open doors and windows. Enter the building 
for short periods of time only, then withdraw into fresh air 
upwind, remove the respirator for about 15 minutes then put 
it on again and re-enter the structure to open more windows. 
Allow at least one hour to aerate. At the end of this 
period, the halide leak detector will then indicate areas 
requiring additional aeration. Check at the floor level in 
corners, closets, store rooms, basement areas where methyl 
bromide may accumulate, as well as the main open areas. 
NOTE: the use of an open flame in a grain mill is 
prohibited by law; use gas detector tubes, thermal 
conductivity units, automatic halogen leak TIF units, infra- 
red analyzers or photovac units instead. 

19. When the fumigators have determined that the building has 
been properly aired, tests for any residual fumigant must be 
carried out. Some materials, such as flours, grain meals and 
jute bags retain gas. This retention may be prolonged by 
introducing cold air into a building that was warm during the 
fumigation. In this case, the building must be reheated and 
tested for any residue. 
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20. Notify the Ministry of the Environment in writing, within 7 
days that the fumigation has been completed. 

TARPAULIN FUMIGATION 

The use of plastic sheets or tarpaulins for fumigation is both 
cost effective and practical. An area is designated, as outlined 
in Section 42 and 43 of the Pesticides Act and Regulations 

which can be isolated from work activity and can be 
safely aerated. Only clear polyethylene gas proof tarpaulins 
should be used since very often the fumigator needs to climb on 
top of the stack to assure proper tarp coverage. Stacked 
commodities or cargo should be on airtight surfaces (not asphalt) . 
Place or rearrange several sacks or bags of material on top of the 
stack (place in the centre and corners) to form a gas expansion 
area enabling better distribution of the methyl bromide and to 
prevent the tarp from ripping on sharp corners. 

An evaporation pan (place several stones in the pan for weight) 
should be placed on the top of the stack. Affix polyethylene 
hosing from the pan or bucket to the gas cylinder. Make a small 
hole in the tarp and seal around the hose entry point with masking 
tape. The tarp can be sealed to the floor by using sand snakes or 
masking tape. Sweep the floor surface prior to sealing. Provide 
a 60 cm to 100 cm overlap. 

A jiffy applicator can be used to release the gas from 0.454 kg 
cans. A full face gas mask and approved canister must be worn by 
both the fumigator and the assistant. 

A tarped stack should be posted with a warning sign and left 
undisturbed for the required exposure period (usually 24 hours). 
Check for leaks with a gas leak monitor. 

Aeration should take place with all doors open and as much cross- 
ventilation as possible (fans can be used for this purpose). 
Standing upwind and wearing approved respiratory equipment, 
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partially pull the tarp off the stack and let it aerate for at 
least 30 minutes. Make certain no personnel are in the immediate 
vicinity, especially downwind. After this period of time, pull 
the tarp completely off the stack. Aerate the tarp fully, prior 
to storage. 

USE OF THE HAL IDE GAS DETECTOR 

1. After releasing the gas, check from the outside, the first 
floor and basement doors, windows and other openings for 
excessive leakage. Seal any substantial leaks. 

i« Check the concentration of gas when aeration of the building 
begins. This check indicates the approximate amount of gas 
to which the exterminators will be exposed during aeration. 
It will also give an approximate indication of the loss of 
the fumigant during the fumigation. This information is 
helpful in determining the dosage to use in future 
fumigations of the building. 

3. During aeration, rest periods should be taken by the 
exterminators. The rest stations should be a considerable 
distance upwind from the building under fumigation and in an 
area free from gas. It is always advisable to check with the 
gas detector to be sure no gas is present. 

4. Use the gas detector to determine when the building is 
completely aerated and safe to be turned back to the owner 
for re-entry by the workmen. 

DETERMINATION OF METHYL BROMIDE GAS 

The Halide Leak Detector is an inexpensive and moderately accurate 
means of determining the absence or presence of harmful 
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concentrations of methyl bromide gas. This detector operates with 
acetylene, propane, kerosene or methyl alcohol fuel. In air 
containing methyl bromide, the flame will react to the various gas 
concentrations carried through the copper ring and across the 
flame. A long rubber hose acts as a suction tube to bring the 
air/gas mixture to the flame. Other halide gases (e.g. Freon) 
will also react with this detector. 

The following table gives the approximate methyl bromida 
concentration associated with colour intensity in the flame* 

Methyl Bromide 

Present in ppm Reaction of Flame 



Very light blue 

^^ Very faint green tinge at edge of 

flame 

*0 Light green edge to flame 

'Q Light green flame 

100 Moderate green 

^00 Intense green, blue at edge 

500 Blue green 

1000 Intense blue 



If the gas is detectable with your halide leak detector, it is not 
safe for any person to be in the area without approved breathing 
apparatus. Note: Persons who are slightly blue/green colour 
blind will not see any difference in the flame colour between 
and 20 ppm. Detection tube should be used instead. 

Gas detector tubes are available from safety supply companies. 
Readings are taken by breaking the two tips of the reaction tubes 
such that the air/gas mixture can be drawn through the tube. The 
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number of strokes required (i.e. number of pumps) to draw the 
air/gas through the pump is given on the tube (e.g. n=4 refers to 
4 strokes). When a long hose line is used to monitor gas in the 
building from the outside, the line must be purged to obtain 
accurate readings. The fumigator should become familiar with the 
operating instructions supplied by the manufacturers of the 
various detector tubes. 

Thermal eonductivity units are among the most accurate of the 
fumigant monitors at moderate to high concentration. However, 
they require frequent recalibration. Their operation is based on 
two air chambers, one containing a verified gas standard and the 
other the air/gas sample to be monitored. h wire running through 
both chambers is electrically charged such that the constant 
current is affected by the final temperature (at equilibrium) of 
the wire and the difference of the resistance of the gases in the 
two chambers. This difference in resistance is measured on a 
built-in galvanometer* 

Infra-red analyzers are the most expensive and most accurate of 
the gas monitors. Other gas monitoring equipment includes 
portable gas chromatography units, the Volhard titration method, 
and interference ref ractometers . Prices and degrees of 
sensitivity of these units vary considerably. 

For a complete review of up-to-date fumigation procedures, consult 
the "Manual of Fumigation for Insect Control". FAO Plant 
Production and Protection Paper 54 by Dr, E. Bond. 
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The products containing methyl bromide and listed below are 
currently registered and scheduled for use in Ontario. It is 
suggested you contact these companies for up-to-date information 
and safety guide booklets for the proper use of their products* 



PCP # SCHEDULE PRODUCT NAME 



CANADIAN AGENT ADDRESS 



8790 



9564 



9565* 1 
9566* 1 
12088 1 



12091 



METHYL BROMIDE 
THE PENETRATING 
FUMIGANT 



METHO-O-GAS 



BROMO-0-GAS 

BROMO-O-GAS 

PFIZER METHYL 
BROMIDE FUMIGANT 



PFIZER METHYL 
BROMIDE TOBACCO 
PLANT BED 
FUMIGANT 



The Pes troy Co. Ltd. 
1655 Edouard-Laurin Blvd 
St. Laurent, Montreal 
Quebec H4L 2V6 

Ciba-Geigy Canada Ltd. 
Agricultural Division 
6860 Century Avenue 
Mississauga, Ontario 
L5N 2W5 

as above 

as above 

Pfizer Chemicals and 

Genetics Ltd. 

Box 2005 

1 Wilton Grove Road 

London, Ontario 

N6A 4L6 

as above 



Registrant is: 



Great Lakes Chemical Corp. 
P.O. Box 2200 West Lafayette 
Indiana, U.S.A. 47906 
(317) 463-2071 



- 21 



12326 1 SANEX MB-C2 Sanex Chemicals Ltd. 

2695 Slough St. 



Mississauga, Ontario 
L4T 1G2 



12248 1 GARDEX METHYL Gardex Chemicals Ltd. 

BROMIDE FUMIGANT 246 Attwell Drive 

Rexdale, Ontario 
M9W 5B4 

13477* 1 TERR-0-GAS 67 Ciba-Geigy Canada Ltd 

Agricultural Division 
6860 Century Avenue 
Mississauga, Ontario 
L5N 2W5 

16495** 1 METHYL BROMIDE Sanex Chemical Ltd. 

FUMIGANT 2695 Slough Street 

Mississauga, Ontario 
L4T 1G2 



** Registrant is: Americo Laboratories 

7330 St. Hubert Rue 
Montreal/ Quebec 
H2R 2N3 
Parent U.S. Distributor: Ameribrom Inc. 

1250 Broadway 
New York, N.Y. 10001 
(212) 563-4600 
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The Pesticides Act - Form 4 

AppDcatton for a Permit to Use 

a Pesticide Containing Methyl Bromide, or 

Phosphide or Cyanide Compounds 

La lot sur les pesticides - formule 4 
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Mfllatry Uaa Only 

Permission is hereby granted under the Pesticides Act and Regulations to use the pesticide 
La pr0sente autoriae auM termes de ta loi sur les pesticidBS (the Pesticides Act) et de ses 
roglements rutilisation du pesticide 
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in accordance with the conditions detailed above, 
contormtment bum conditions pr^elsies ci'deuut. 
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MATERIAL SAFETY DATA SHEET 



tre 



CANUTEC is the Canadian Transp(>rt CANUTEC operates 24 hours a day, seven 

Emergency Centre (in French, Centre days a week, including holidays. 

canadien d'urgence transport). The Centre, a 

public service, is located in Ottawa and is Call CANUTEC collect (613) 996-6666. 

operated by the Transport of Dangerous 

Goods Branch of Transport Canada. SPILLS ACTION CENTRE 

CANUTEC provides immediate advice to ^ 

those who need or request help in case of an The Ministry of the Environment's Spills Action r^n 

emergency situation involving dangerous receives notification nf er^iii., o i t^ action Cen 

goods resulting in a spill, leak, fire or human per year on « r.K^,^ oi spills 24 hours per day, 365 days 

expusare. ^ ^^"^ °'' ^ province-wide toll-free number 1-800-268-6060 

SUBSTANCE IDENTIFICATION 

CAS-NUMBEil 74-83-9 
. SUBSTANCE: HETHYL BROMIDE - - 

TRADE NAHES/SYNONYHS; 
BROHOHETHANE; HBX; METHYL BROMIDE, LIQUID; HETHOGAS- ROTDX; BROHOGAS; 
CELFUHE; DOH FUHE: DOWFUHE HC-2; HETAFUHE; EHBAFUHE; ISCOBROHt; PESTHASIER; 
PROFUHE; TERR-0-SAS 100; ZYTOX; HALON 1001; MONOBROHOHEIHANE; 11029; UN 1062: 
-..0HS14300 

CHEMICAL FAMILY: 

HALOGEN COMPOUND, ALIPHATIC 

MOLECULAR FORMULA: C-H3-BR HOL WI: 95 

CERCLA RATINGS (SCALE 0-3): HEALTH:3 FIRE^l REACTIVITY^O PERSISTENCE=1 
NFPA RATINGS (SCALE 0-4): HEAITH:3 FIRE-1 REACTIVITYrO 



COHPOHENTS AND CONTAMINANTS 

COHPOHENT: METHYL BROMIDE PERCENT: 100 

OTHER CONTAMINANTS: NONE 

EVPOSURE LIHIIS: .^ .. . 
HETHYL BR0I1IDE: 

20 PPM OSHA CEIIIHG {Hm] 

5 ?n ACGIK TWA (SKlNi 

LOWEST FEASIBLE LIHIT NI03H RECOHHENDED EaPOSOHE CRITERIA 

1000 POUNDS SARA SECTION 302 THRESHOLD PLANNING OUAHTITr 
1000 POUNDS SARA SECTION 304 REPORTABLE Q'JAHTITY 

PHYSICAL DATA 

DESCRIPTION: COLORLESS, TRANSPARENT, GAS OR VOLATILE LIQUID WITH A EURNING 

TASTE, AND CHLOROFORM-LIKE ODOH. BOILING POINT: 38 F (4 

MELTING POINT: -135 F (-93 C) SPECIFIC GRAVITY: IJ 6 D C 

VAPOR PRESSURE: 1250 HHHG ^ 20 C SOLUBILITY IN HATER: i.75J t> 20 L 

VAPOR DENSITY: 3.3 

SO! VENT SOLUBIIITY: ALCOHOL, CHLOH'fORH, ETHER. BENZENE, CARBON DlSliini)!'. 
CARBON ThTRACH;uR[[)E 



FIRE AND EXPLOSION DATA 

FIRE ANP EXPLOSION HAZARD: 

SLIGHT FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAHE. 

UPPER EXPLOSIVE ^LIRIT: 161 LONER EXPLOSIVE LIHIT: 101 

AUTOISNITION TEMP.: 1000 F (538 C) 

FIREFIGHTING MEDIA: - - - . ^ 

DRY CHEHICAL, CARBON DIOXIDE, HATER SPRAT OR FOAM 
(1584 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800.3). 

FOR LARGER FIRES, USE HATER SPRAY, FOG OR FOAM 
(1984 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800.3). 

FIREFIGHTING: 

HOVE CONTAINERS FROM FIRE AREA IF POSSIBLE. FIGHT FIRE FROM MAXIMUM DISTANCE. 

DIKE FIRE CONTROL HATER FOR LATER DISPOSAL. DO NOT SCATTER MATERIAL (1984 

EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800.3, GUIDE PAGE 55). 

USE AGENTS SUITABLE FOR TYPE OF FIRE. USE HATER IN FLOODING AMOUNTS AS FOG. 
COOL CONTAINERS WITH FLOODING AMOUNTS OF WATER, APPLY FROM AS FAR A DISTANCE 
AS POSSIBLE. AVOID BREATHING POISONOUS VAPORS, KEEP UPWIND. EVACUATE DOyNWINE 
FOR LEAKS. 

FIRE FIGHTING PHASES: USE HATER SPRAY, FOAM, CARBON DIOXIDE, OR DRY CHEHICAL. 
DO NOT WALK INTO SPILLS OF LIQUID OR ENTER HIGH CONCENTRATIONS OF VAPORS 
(NFPA 49, HAZARDOUS CHEMICALS DATA, 1975). 

TRANSPORTATION DATA 

DEPARTMENT OF TRANSPOr.TATION HAZARD CLASSIFICATION 49CFR172.I01: 
POISON B 

DEPARTMENT OF TRANSPORTATION LABELING REOUIREHENTS 49CFRI72.101 AND 172.402: 
POISON 



TOXICITT 

HETHYL BROMIDE: 

60,000 PPIi/2 HOURS INHalATION-MAH LCLO; 1 GH/H3/2 HOURS INHALATION-CHILD LCLO; 
35 PP!1 INHALATION-HUMAN TCLO; 214 MG/KG ORAL-RAT LD50; 302 PPM/8 HOURS 
INHALATION-RAT LC50; 1540 HG/M3/2 HOURS INHALATION-HOUSE LC50; 2000 HG/Ho/ 
11 HOURS INHALATION-RABBIT LCLO; 300 PPH/9 HOURS INHALATION-GUINEA PIG LCLO; 
HUTAGEHIC DATA (RTEC); TUHORIGENIC DATA (RTEC); CARCINOGEN STATUS: NONE. 

HETHYL BROMIDE IS TOXIC, AND A SKIN IRRITAHI, CENTRAL NERVOUS SYSTEM 
DEPRESSANT, CONVULSANT, AND NEUROTOXIN. POISONING HAY AFFECT THE BRAIN AND 
KIDNEYS. 



2^ 
HEALTH EFFECTS AND FIRST AID 



0HS14300 PAGE 03 QF 06 

IMHALATION: 

HEIHYL BR0HIDE: 

NARCOTIC/NEUfiOTOXIH/CONVULSANT/TOXIC. 

2000 PPM IMMEDIATELY DANGEROUS TO LIFE OR HEALTH. 
ACUTE EXPOSURE- SYHPTOHS MAY BE DELAYED FROH 1-4 HOURS AND HAY IHCLUDE 
HEADACHE, VISUAL DISTURBANCES, NAUSEA, VOMITING, WEAKNESS, MALAISE, 
VERTIGO, PARESTHESIAS AND PARALYSIS OF THE EXTREHITIES, OLIGURIA OR 
ANURIA, DROWSINESS, CONFUSION, HYPERACTIVITY, HTPOTENSION, MENIAL 
CONFUSION, MANIA, TREMORS, UNSTEADY GAIT, AND EPILEPTIFORM CONVULSIONS. 
HIGH CONCENTRATIONS MAY CAUSE RAPID NARCOSIS AND DEATH FROM RESPIRATORY 
FAILURE. LESSER CONCENTRATIONS HAY CAUSE PULMONARY IReiTATION, CONGESTION, 
AND EDEMA AND DEVELOP TO BRONCHIAL PNEUMONIA. DEATH MAY ALSO RESULT FROM 
DOHA, RESPIRATORY AND CIRCOLATORY COLLAPSE. TUBULAR DAMAGE IN THE KIDNEYS 
HAS BEEN OBSERVED IN FATAL CASES. BOTH CENTRAL AND PERIPHERAL NEUROLOGIC 
DEFICITS HAY PERSIST AFTER POISONING INCLUDING VERTIGO, DEPRESSION, 
HALLUCINATIONS, ANXIETY AND INABILITY TO CONCENTRATE. 
■ CHRONIC EXPOSURE- REPEATED EXPOSURE HAY RESULT IN ADVERSE CENTRAL NERVOUS 
SYSTEM EFFECTS INCLUDING LETHARGY, MUSCULAR PAINS, VISUAL, SPEECH, AND 
SENSORY DISTURBANCES, MENTAL CONFUSION, BLURRED VISION, PAPILLEDEMA, 
HALLUCINATIONS, SOMNOLENCE, FAINTINS ATTACKS, BRONCHOSPASHS, AND CENTRAL 
NERVOUS SYSTEM EDEMA. PERIPHERAL NEUROPATHY HAY BE INDICAIED BY PARALYSIS 
OF THE EXTREMITIES, MYOCLONUS, POLYNEURITIS, AND CONVULSIONS. LIVER AND 
KIDNEY DAMAGE MAY OCCUR. 

FIRST AID: REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING 
HAS STOPPED, GIVE ARTIFICIAL RESPIRATION. MAINTAIN AIRWAY AND BLOOD 
PRESSURE AND ADMINISTER OXYGEN IF AVAILABLE. KEEP AFFECTED PERSON HARM AND 
AT REST. ADMINISTRATION OF OXYGEN SHOULD BE PERFORMED BY OUALIFIEO 
PERSONNEL. GET MEDICAL ATTENTION IMMEDIATELY. 



SKIN CONTACT: 

METHYL BROMIDE: 

IfiRIIANT/NEUROTOXIH/CONVULSANT . 
ACUTE EXPOSURE- CONTACT WITH THE LIQUID MAY CAUSE IRRITATION, SCALING, AND 
ITCHING DERHAIIIIS, AND FROSTBITE. THE LIQUID MAY BE ABSORBED TO CAUSE 
NAUSEA, VOMITING, BLURRED yiSIO^!, VERTIGO, IIEA^NESS, PARALYSIS. OLIGURIA 
Ok ANUkIA, DROWSINESS, CONFUSION, HyPERACIIVITY, HYPOTEHSIOH, COMA. AND 
CONVULSIONS WHICH DEVELOP OVER A LATENT PERIOD. 
CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE HAY LEAD !u VESICULATION, 
ERYTHEMA, AND EDEMA OF THE SURROUNDING SKIN. SYSTEMIC EFFECTS MAY INCLUDE 
BLURRED' VISION, PAPILLEDEMA, NUHBHESS OF THE EXTREHITIES, CONFl'SIOH, 
HALLUCINATIONS, SOMNOLENCE, FAINTING ATTACKS, AND 6R0NCH0SPASMS. 

FIRST AID-. REMOVE COHIAHINATED CLOTHING AND SHOES IMMEDIATELY. ^ASH AFFECTED 
AREA HUH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO 
EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15-20 MINUTES). IN CASE OF CHEMICAL 
BURNS, COVER AREA WITH STERILE, DRY DRESSING. BANPAGF SECURELY, BUT NOT 

TDO TIGHTLY. GE! MEDICAL AHEHTION IHHEDIATELY. 

EYE CONTACT: 
HriHiL BRUHIDL: 
ftCUIE EXPOSURE' VAPORS AND LIQUID MAY CAUSE TRANSIFNl IRRITATION AND 

r:HN,i!"'^'fIViIIS. SiSTEHIC OCULAk EFFECTS FROH INHAIATION i>P ?n»! CONTAfi 
,HAi KlU;;; in Bl:;i;^^:. ■.-. :-:"'i!i .,:.iiil,, Di', ;;■;/>, AND iL['!!"!:A"; ; i W^! ^;- ;.;. . 
nPtftiHhNTAl APHlICATioN (iF A VERY SEVERF EXPOSURI ''^ PAR?fT f'lFs Rf'--i' rCl' 
lu REVERSIBLE DAHAGl INvlUDIHG Ci-HJUHCTIVITIS, FDFMA, SIROKAiL '•fACJT'. ANi- 
LOSS OF CORNEAL EPITHELIUM. 



CHRONIC EXPOSURE- REPEATED Oft PROLOHGED EXPOSURE MAY CAUSE COMJUHCTIVITIS. 

FIRST AID- HASH EYES IHHEDIATELY HITH URGE AHOUHTS OF HATER, OCCASIONALLY 
LIFTING UPPER AND LOWER LIDS, UNTIL NO EVIDENCE OF CHEHICAL REMAINS 
(AT LEAST 15-20 MINUTES). IN CASE OF BURNS, APPLY STERILE BANDAGES LOOSELY 

■ HITHOUT MEDICATION. GET HEDICAL ATTENTION IMMEDIATELY. 

IHSESIION: 
METHYL BROMIDE: 

ACUTE EXPOSURE- NOT APPLICABLE (GAS). 

CHRONIC EXPOSURE- REPEATED ADMINISTRATION BY ORAL GAVAGE AS A SOLUTION IN 
ARACHIS OIL INDUCED TUMORS OF THE FORESTOMACH. 

FIRST AID- TREAT STHPTOHATICAILY AND SUPPORTIVELY. GET HEDICAL ATTENTION 
IMMEDIATELY. IF VOMITING OCCURS, KEEP HEAD LOWER THAN HIPS TO PREVENT 
-ASPIRATION. 



REACTIVITY 

REACTIVITY; 

STABLE UNDER NORMAL TEMPERATURES AND PRESSURES. 

INCOMPATIBILITIES: -- 

METHYL BROMIDE: 

ALUMINUM: SEVERE EXPLOSION HAZARD. 

MAGNESIUM: SEVERE EXPLOSION HAZARD. 

ZINC: SEVERE EXPLOSION HAZARD. 

DIMETHYL SULFOXIDE: DELAYED EXPLOSION HAZARD. 

STRONG OXIDIZERS: VIGOROUS REACTION. 

ETHYLENE OXIDE: VIGOROUS REACTION. 

DECOMPOSITION: 

THERMAL DECOMPOSITION MAY RELEASE CORROSIVE FUMES OF BROMIDE. 

POLYMERIZATION: 

HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL 

TEMPERATURES AND PRESSURES. 



STORAGE AND DISPOSAL 

STORAGE: PROIECI AGAINST PHYSICAL DAMAGE. STORE ONE-POUND CONTAINERS IN 
DRY LOCATION TO PREVENT RUSTING. OUTSIDE OR DETACHED STORAGE IS PREFERRED 
FOR CYLINDERS. STORE IN HELL-VENTILATED LOCATION OUT OF THE DIRECT RAYS 
Of THE SUN AND PROTECTED FROM SNOH AND ICE (NFPA 49, HAZARDOUS CHEMICALS 
DATA, 1975). 

CONDITIONS TO AVOID 

HAY BURN BUI DOES NOT IGNITE READILY. CONTAINERS HAY EXPLODE IN HEAT OF FIRE. 

METHYL BROMIDE: 

II yiLL BURN IN AIR IN THE PRESENCE OF A HIGH ENERGY SOURCE OF IGNITION AND 

MHEN yilHIN A HARROW FLAMMAEILITY RANGE, 
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SPILL AKD LEAK PROCEDURES 

OCCUPATIONAL SPILL: 

DO NO! TOUCH SPILLED HATEilAL. STOP LEAK IF YOU CAN DO IT HITHOUI RISK. USE 
HATER SPRAT TO REDUCE VAPORS. FOR SHALL SPILLS, TAKE UP HITH SAND OR OTHER 
ABSORIEHT MATERIAL AND PLACE INTO CONTAINERS FOR LATER DISPOSAL. FOR SHALL 
DRY SPILLS, HITH A CLEAN SHOVEL PLACE MATERIAL INTO CLEAN, DRY CONTAINERS AND 
-COVERT-ttOVECOMTAINERS- FROM SPILL AREA. FOR LAR6ER SPILLS, DIKE FAR AHEAD OF 
SPILL FOR LATER DISPOSAL. KEEP UNNECESSARY PEOPLE AHAY. ISOLATE HAZARD AREA 
AMD DENY ENTRY. VENTILATE CLOSED SPACES lEFORE ENTERING, n a flpui 

occurs, the Spiils Action Centre of the Ministry of the Environment, 
«a»t be notified iaaadiately by calling 1-800-268-6060. 



PROTECTIVE EQUIPMENT 

VENTILATION: 

PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION TO HEET PUBLISHED 

EXPOSURE LIHITS. 



RESPIRATOR: 

THE FOLLOHING RESPIRATORS AND HAXIHUH USE CONCENTRATIONS ARE RECOHHENDATIONS 

BY THE U.S. DEPARTHENT OF HEALTH AND HUHAN SERVICES, NIOSH POCKET GUIDE TO 

CHEHICAL HAZARDS OR NIOSH CRITERIA DOCUMENTS; OR DEPARTHENT OF LABOR, 

29CFR1910 SUBPART 2. 

THE SPECIFIC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUND 

IN THE WORK PLACE AND BE JOINTLY APPROVED BY THE NATIONAL INSTITUTE OF 

OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETY AND HEALTH ADMINISTRATION. 

AT ANY DETECTABLE CONCENTRATION: 

SELF-CONTAINED BREATHING APPARATUS HITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE. 
SUPPLIED-AIR RESPIRATOR HITH FULL FACEPIECE OPERATED IN PRESSURE-DEMAND 

Oft OTHER POSITIVE PRESSURE MODE IN COHBINATIOH HITH AN AUXILIARY 

SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURf-DEHAHD OR OTHER 

POSITIVE PRESSURE MODE. 

ESCAPE- AIfi-PU«FYIHG FULL FACEPIECE RESPIRATOR (GAS MASK) HITH A CHIN-STYLE 
OR FRONT- OR BACK-MOUNTED ORGANIC VAPOR CANISTER. 
ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS. 



FOR FIREFI6HTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDITIONS: 

SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN PRESSURE 
DEMAND OR OTHER POSITIVE PRESSURE MODE. 

SiJfPLJFD-AjR RFSPIRATOR WITH FULL FACFPIFCF AND OPERATED IN PRFSSURE-DFHANn 
OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN AUXILIARY 
GELF-COHIAINED BREATHING APPARATUS uPERATEL' IN FRESSURE=DEHAND OR OTHER 



•nr-Mift''' 'If' ^i. '■''" Of 
hiJIIIVL n,i3'Mi HHji. 

(LufHiNb: 

mvmi Hur.i hiar appropriaif prutcctivi, imptfivious) chhhing and luoipmchi 

TO PREVENT ANY PuSSIBILlTV OF SriN CONTACT HITH THI^ SURSIANCL. 



GLOVES:: 

EMPLOIEE KUST EM APPRDPRIATE PROTECTIVE GLOVES TO PBEVEINT C^OHTACT MITH THIS 

SUISTANCE. 



EYE PiCiTECTIO^N: 

EHPLO'YEE HUST HEAR SPLASH-PBOiOf 01' BUST-RESISTANT SAFETY mmiES AMD A 

.-FACESHIEIP TO PiEVENT COMTACT yiTH THIS-SUISIAHCE. 

WK THERE IS ANY POSSIBILITY THAI AN EMPWYEE'S EYES HAt B£ EXPOSED 10 
THIS SUSSTANCE, THE EHFLWER SHALL PROVIDE AM EYE-MSH FOWTAIH HITHIN THE 
IWEBIATE y.« AREA FOB EHEfiGEHCY USE. 
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